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CONFiBhii  HAL 


^ions  on  the 

spectral  refTectcrice”  and  absorption  characteristics  of  camouflage  paint 
materials  and  natural  objects  in  the  spectral  region  between  0.4  and  15.0 


SErRET  •  °tft  covers  the  studies  end  lnvesti^Bt3 

^ectral  refTectcnce  Vna  absorption  characteristics  of  camouj 


microns. 

UNCLASSIFIED 

The  report  discusses  the  development  of  an  instrument  for  the 
spectral  reflectance  measurements  and  presents  Spectral  reflectance  data  of 
both  camouflage  paint  materials  end  natural  backgrounds.  It  is  shown  that 
e  considerable  degree  of  perfection  was  achieved  in  the  instrumentation 
end  the  method  for  the  measurement  of  the  "total  diffuse"  infrared  reflec¬ 
tance  of  camouflage  materials. 

UNCLASS  IF  I  ED 

A  special  study  was  also  conducted  on  sulfur  to  determine  its 
suitability  as  a  reflectance  standard  in  the  infrared. 

UNCLASSIFIED 

The  effect  of  pigment  particle  shape  on  the  water  absorption  of 
a  paint  and  the  resultant  effect  on  the  paint's  infrared  reflectance  was 
studied  and  the  results  pro  shown  by  spactrophotometric  curves.  The  hiding 
power  of  selected  pigments  and  paints  wrb  studied  as  a  function  of  wave¬ 
length. 

The  report  concludes  thatt 

UNCLASSIFIED 

a)  A  satisfactory  instrument  together  with  a  method  has  been  devaloped 
for  the  measurement  and  evaluation  of  the  infrared  reflectance  of  camou¬ 
flage  materials. 

1  i  i\IOl  A  OO  If 

b)  A  . form  of  sulfur  has  been  found  as  a  suitable  standard  for  comparing 
its  infrared  reflectance  with  that  of  diffusely  reflecting  camouflage 
materials.  This  sulfur  may  be  described  as  a  vinely  divided  fora  containing 


FiDtHlSAL 


She. 


1. 


CONFIDENTIAL  1-  •  "T': 


at  1  easu  30 %  or  more  carbon  disulfide-insoluble  sulfur,  Wiarfl 

in  Flowers  of  Sulfur  r  in  a  vaporized  end  quenched  sulfur. 

UiVCLASS  IF  IED 

c)  The  vs  ter  penetration  of  camouflage  paints  of  the  alkyd  end  emulsion 
types  is  dependent  upon  the  pigment  selection  end  the  particle  shape  of  the 
pigment. 

UiVCLASS  IF  JED 

d)  Generally  the  spheroidal,  hexagonal  or  piety  pigments  shoved  higher  * 

resistance  to  water  penetration  than  the  aciculer  or  cubical  shapes. 

•  *  F  !  I  Li 

e)  The  effect  of  water  immersion  of  4  to  24  hrs.  bed  very  little  effect 
on  the  reflection  spectrum  of  elkyd  resin  and  of  acrylic  resin  emulsion 
psints0  Only  slight  lowering  in  reflectance  was  noted  after  72  hrs.  of 
immersion.  PH? ! ripCHTI A1 

■iCCftET  1  ?  4  1  **Jl*li  1 

f)  The  hiding  power  of  the  camouflage  paints  and  pigments  tested  is 
definitely  a  function  of  wavelength  and  must  be  considered  for  camouflage 


g)  No  color  hi  CIrit  tested  accomplished  complete  hiding  when  applied 
in  approximately  1  mil  dry  film  thickness  on  a  highly  reflecting  aluminum 


surface  and  tested 


h)  Very  1 


wavelengths  to  15  microns. 


rcmm 

sconce  in  the  infrared  region,  especially  beyond  3.0 


microns,  can  be  achieved  by  applying  camouflage  paints  over  a  black  primer 
which  will  approach  the  low  reflecting  characteristics  of  most  background 
materials  beyond  3.0  or  4.0  microns. 

It  is  recommended  that: 

UNCLASSIFIED 

a)  The  inforE&tlon  contained  ir  the  reports  of  this  contract  ?e  used 
as  s  basis  for  cemoul’age  purposes  in  the  infrared  region  of  the  spectrua. 

UNCLASS  IF  IED 

b)  Consideration  oe  given  to  s  tvo-ccat  system^ where  applies*.  3,  to 

utilize  the  transparency  in  the  infrared  of  the  outer  caisouflsge  coating. 

J*  L^/i^iSIr  fcD 

c)  Primer  materials  be  utilized  which  combine  good  rust  inhibiting 


ill ties  with  the  desired . infra  red  reflecting  characteristics. 


CONFIDENTIAL 

II.  PURPOSE  AND  SCOPE 


This  project  is  concerned  with 

*“•?* QOMFpiTIAL  .  ...... 

i,  rne  trevexocment  cl  suit&Lxe  ir.str 


tow* 


lo  xh’e  trev^xo  pzaent  cl  suitable  ins  t  rumen  to  t  ion  for  the  measurement  of 
the  reflectance  and  absorption  chr  r?  cteri sties  of  csmoufl? ge  print  materials 
and  of  certrin  groups  of  natural  materials  generally  considered  ns  background 
be  camouflage  paint  applications,  in  the  spectre]  region  between  0,4  and  15 
microns*  A  study  not  provided  in  the  original  program  was  found  to  be 
necessary;  that  is, determination  of  a  reliable  standard  fer  the  infra  red 
reflectance  cf  dif fuselv  reflecting  surfaces* 

UNCLASSIFIED  * 

2*  The  study  cf  e  selected  group  of  natural  background  materials  such 
it  certain  leaves,  barks,  grasses,  sends  and  soils.  The  spectra  obtained 
f  re  compared  with  those  of  paints  and  pigments  obtained  in  la- ter  paragraphs 
cf  the  studies* 

LWCL.ASS  IF  !ED 

3*  The  comparison  of  the  changes  in  the  reflectance  spectra  of 
camouflage  paints  caused  Ly  a  change  in  the  particle  shape  of  the  pigmen¬ 
tation,  by  exposure  cf  the  print  to  water,  end  by  the  re-drying  of  the 
paints*  In  some  selected  instances,  the  water  immersion  was  supplemented 
by  salt  water  immersion • 

•  .  if/ed 

4*  The  study  of  s  group  cf  eight  pigments  end  paints  with  reference 

to  the  relation  between  their  hiding  power  (in  the  visible  range)  end 

their  reflectance  characteristics  to  15  microns*  The  hiding  power  vfs 
* 

therefore  determined, to  15  nlcrcne  for  each  of  these  paints,  as  the  ratio 
between  their  reflectance  on  black  and  cn  polished  eluminua. 

UYCL  ASS/r  IED  ' 

Eased  on  the  results  of  this  investigation  it  has  teen  possible' 
to  present  a  group  cf  conclusions  and  reccrssendetions  for  the  application 
and  further  development  of  tne  findings  of  this  work. 


2  ^  ^a.e  ,  -ftT-  -jJ!^  ...  v-1-  -11*5!  s>^5SSSSSt^^B^4^Si  flK»Ll*i»»t 


UNCLASSIFIED 

The  scope  of  the  investige tion  wee  extensive, end  it  required 
greet  effort  end  enthusiesm  on  the  prrt  of  eech  one  connected  with  the 
work  for  its  completion.  The  project  was  under  the  direction  of 
Dr.  Max  Kronstein,  Research  Associate.  The  instruments!  development  end 
its  application  was  dene  by  Hr.  Robert  J.  Kreushrer,  Research  Assistant. 

The  preparation  of  the  test  samples  and  the  supervision  of  the  work  on  the 
Beckman  Spectrometer  was  in  the  hand  of  Hr.  Robert  Rcner,  who  was 
assisted  by  Mr.  Max  Rehfeld.  The  work  cf  assembling  the .data  and  the 
preparation  of  the  reports  was  dene  by  Mrs.  Marion  Ward  Kronstein. 

UNCLASS  IF  jt  D 

The  group  wishes  to  express  their  sincere  appreciation  at  this 
time  to  Mr.  Robert  E.  Deecle,  Project  Advisor, for  his  continued  cooperation 
end  counsel  throughout  the  many  phases  of  the  development * 

UNCLASP  if-  i ED 

For  e&sistanc#  in  the  instrumental  development ,ws  wish  to  thank 
also  Mr.  A.  R.  Dennett  of  The  Eppley  Laboratory,  Inc., manufacturer  of  the 
C-oley  Detectors  used  cn  the  projeetjand  Kr,  Paul  A.  Wilks  er.d  the  engineer 
group  of  The  Perkin-Flmer  Corporation,  manufacturer  of  the  Model  12-C  and 
Model  112  Scectroseters  which  were  used  on  the  project. 

UNCLASSIFIED 

Ve  wish  to  thank  those  who  assisted  in  special  aspects  of  the  work 
as  they  arose}  r.emely,  Mr,  Fred  A.  Eehr  of  North  American  Philips  Company, Inc. 
for  his  -experimental  assistance  in  the  x-ray  diffraction  studies  of  sulfur, 
end  Mr.  James  A.  Amick  of  the  R.C. A. Laboratories  in  Frinceton,  New  Jersey 

-  r*  -V  iL-  -  N  •*  , 

for  his  ossistence  on  the  seme  problem. 

UNCLASSIFIED 

In  conclusion  ,  the  group  expresses  the  hope  that  the  results  will  be 
found  to  be  of  practical  use  for  the  problems  for  which  the  work  has  teen 


undertaken. 


-  ■  -  -  Mr-.r  ril^BfVI 


..  II 

.  ;  « 


III.  FACTUAL  DATA  AND  OESCRVATIONS 


L!i\ 


CSS  IF  IE. 


1.  INSTRUMENTATION  UNCLASSIFIED 


Aj.  DEVELOPMENT  OF  AN  INSTRUMENT  FOR  SPECTRAL  REFLECTANCE  MEASUREMENTS. 
a. .  STATES  '->7  OF  THE  PRQbLEM. 

’  ;  a  preceeding  project  (Contract  No.  DA-44-009  eng-652)  an 

attach;?  ;  vns  developed  for  a°e  on  a  single  Loan  Perkin-Elnier  Infrared 

Spectro  star  whereby  e  of  rairrors  directed  the  beam  from  the  exit 

slit-  of  the  monochrome  tor  through  th  entrance  hole  of  a  Coblentz  Hemisphere 

to  the  'est  sample.  Here  that  bean' of  kr.cv-4  vcvelength  positions  was  used 

"-v  _  • 

for  tht  Illumination  cf  a  test  sample  r  runted  in  t!  e  hemisphere  $  ari  v*th 

a  Gola>  r'c  vector  the  total  diffuse  refl  r  t  nee  of  the  sample  under  zhe 

illumir aiion  by  the  beam  of  known  wavelength  was  measured.  The  Golay  De~ 

tect  r  was  connected  with  the  recorder  of  the  Ferkin-Elmer  instrument  and 

an  chart  reading  was  thus  obtained. 

In  order  to  compere  the  infalling  illuminating  energy  with  the 

total  .eflected  energy  and  in  order  to  calculate  accordingly  the  percent 

reflet  •’snee  at  each  wavelength,  the  detector  was  modified  in. a  manner  to 

pex  *1  Its  movement  alternately  with  the  position  cf  the  sample.  Hereby 

tv  $  rves  were  obtained:  first  the  Golay  Detector  was  set  into  the  pcsi- 

tic  ,  t’  the  specimen  and  the  spectrum  curve  of  the  illuminating  beam  was 

the'  detector  was  then  moved  to  its  alternate  position,  which  is 
Ipgr  gS?  • '  > 

the  grmc  distance  as  the  sample  from  the  center  of  the  hemisphere,  and  the 

■ 

reflected  energy  of  the  test  sample  was  determined  on  the  recorder  chart. 

ig  .  :  ‘  V  ^  '  ■  ;  '  * 

Certain  correction  factors  were  applied  in  the  evaluation  of  the 

r  ■  'v  ’  if"-  $  -v 

rati  'if  between  the  two  charts^  point  by  point,  which  took  into  consideration 

Sjljf  .  E  ‘  ‘  '  v- 

certain  errors  which  prevailed  in  that  test  set-up. 

The  apects  o*  that  earlier  instrumentation,  which  required  in- 


provement  ere  noted  below: 

1)  The  illuminating  been  passed  through  an  air  space  from  the  spectrometer 
to  the  hemisphere.. 

2)  The  illuminated  area  on  the  test  sample  was  slit-shepsd,  while  the  win¬ 
dow  of  the  receiving  Golay  Detector  was  round, 

3)  The  sample  table,  as  well  es  the  detootor,  was  net  sufficiently  rigid. 
This  caused  a  higher  noise  level  than  was  desirable  in  the  readings, 

4)  Th#  spectrometer  was  not  mounted  as  rigidly  se  was  desirable, 

5)  The  Golay  Detector  required  a  number  of  dry  batteries  as  veil  as  a 
wet  battery.  This  resulted  in  variation  in  energy, duo  to  the  deony  of  the 
batteries,  during  a  working  day  ar.d  oauesd  a  continuous  drift  of  the  zsro 
line  in  the  charts, 

6)  All  correction  factors  Had  been  based  on  the  comparison  with  the 
reflectance  of  a  first  surface  rhodium  mirror  as  standard.  It  was  felt  that 
th®  reflection  from  a  flat  first  surface  ni.-ror  was  much  mors  unidirectional 
et  the  wavelengths  under  consideration  than  that  from  irregular  surfaces 
such  as  those  of  pigment  powders,  pigmented  paints,  sands,  leaves  and  barks 
of  trees.  Therefore,  it  was  necessary  to  find  a  sore  suitable  standard  which 
reflects  diffusely  in  a  manner  more,  nearly  like  that  of  the  samples  which  ware 
to  be  compared.  Such  a  standard  was  necessary  to  minimize  errors  which  would 
be  caused  by  large  differences  between  the  gonioaetric  properties  of  the 

the  saE?les- 

b,  NEW  DEVELOPMENT 

Vork  was  undertaken  to  correct  these  aspects  of  the  earlier  set-up. 

A  new  reflectance  attachment  was  built  of  heavy  steel  and  screwed 
onto  the  spectrometer  in  rach  a  manner  that  the  nitrogen  filling  the  spectre- 


k±ii*t&***r  - -  **$»*■  - 


meter  filled  the  reflectance  attachment  also*,  (Figure  35,  Second  Technical 
Report) «  In  this  manner  readings  vere  made  under  nitrogen.  The  spectrometer 
itself  was  bolted  to  a  heavy  steel  base-plate  which  was  mounted  solidly  on 
a  footing  of  cement  building  blocks .  (Figures  57  find  53  on  pages  8  and  9) • 


A  new-Golay  Detector  was  obtained  having  a  window  the  same  shape 
as  the  slit  in  the  hemisphere.  (Figure  34,  Second  Technical  Report). 

A  new  model  amplifier  for  the  Golay  Detector,  which  required 
a  vet  battery  only,  was  obtained.  Hereby ,  two  wet  batteries  were  used  in 
rotation,  with  one  battery  being  recharged  while  the  other  ^as  in  use.  The 
strength  of  the  signal  of  the  Golay  Detector  was  tested  after  each  run,  end 
it  was  determined  that  no  error  was  introduced  due  to  the  drop  in  voltage 
as  a  function  of  time.  Furthermore  the  background,  or  the  spectrum  of  the 
infalling  illuminating  beam,  is  determined  for  a  limited  wavelength  r&ngo 
of  a  few  microns  only.  Then  the  reflection  spectrum  is  determined  for  the 
same  wavelength  rsnge.  The  procedure  is  repeated  for  the  next  ranges,  a 
few  microns  at  a  tire,  until  the  entire  range  of  15  microns  has  been 
covered.  In  this  manner  ths  zero  drift,  due  to  battery  life  decay,  was 
largely  eliminated. 

Certain  types  of  sulfur  have  fcesn  studied  and  evaluated  as  a 

standard  for  diffusely  reflecting  material?.  This  research  group  feels  that 

the  question  of  the  standard  to  be  used  in  the  evalu  *ion  of  the  ratios  is 

of  mch  greater  importance  than  had  generally  been  assumed,  and  that  the 
■ 

use  of  the  rhodium  mirror  in  the  detersination  of  the  calculation  factor 
will  cause  figures  vhich  are  too  low  when  applied  to  u’ffusely  reflecting 
Eaterials.  The  use  of  sulfur  as  a  standard  is  discussed  in  detail 

in  this  report  on  pages  18  ff  . 
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FIGURE  58 


Spec  trome  ter  H 

Light  source  f 

Location  of  exit  beam  j 

Reflect  Ion/ mirror  $ys tem  Sous? ng  M 

Hemisphere  casing  ^ 

Detects  he « s?ng  q 


Power  supply  * 

Amplifier  for  spectrometer 
Amplifier  for  detector 
Battery  charger 
Battery  box 
Tubing  for  nitrogen 


Daring  the  course  of  the  contract  work  it  fc^cr.  pj  <  necessary,  duo 
to  an  accident,  to  replace  the  Model  12-C  single  beam,  c  ngle  pass  spectrometer, - 
with  the  approval  of  the  sponsor, -with  the  Model  112  sir  .  i  bean,  double  pass 
Perkin-Eiaer  Spectrometer.  The  comparative  specif ica*lo.  for  these  two 
instruments  are  given  in  TAE1E  50 *  page  11* 

With  this  new  model,  the  operation  of  the  tvo  cnc^pers  required  ior 
the  monochromator  and  for  the  Golay  Detector  was  improved  '  /  having  the  axle 
which  operated  the  chopper  of  the  monochromator  extended  a  .d  attaching  the 
chopper  of  the  Golay  Detector  cn  the  same  axle. 

V 

Mich  greater  energy  in  the  source  of  radiation  wr. 6  obtained  by  the 

' 

effective  use  of  the  Sfcupakoff  Glover  instead  of  the  Glctcr.  .  In  earlier 
work  the  Glower  had  had  an  average  nlifen  of  only  20  hrs.  ahd  r \-ovi  2 
tionSi  was  appreciably  lower  than  the  rated  100  his  for  this  device* 

Tests  were  made  which  showed  the  cause  of  the  failure  of  the  Glovers  to 


be  thermal  shock  at  the  connection  points  of  the  glowe.  *  To  alleviate  this* 
a  Variac  was  placed  in  the  electrical  circuit  and  used  .n  the  following 


runner: 


• i 
f 


V  '* 

1)  The  Variac  was  sot  to  apply  aporox.  50  volts  across  the  transformer.  ", 

Wf;  j 

2)  A  gas  torch  was  applied  to  the  Glcver  element  until  a  light  orange 


color  vas  observed. 


*  :f%  ' 

■msy 


3)  The  Variac  voltage  was  increased  slowly  until  t  e  Glower  burned 

_  .  WF  i 

without  benefit  of  the  gas  torch. 

4)  The  Variac  voltage  was  increased,  in  5  volt  inurements  ever  r.  50 
min.  period  until  110  volts  were  applied  to  the  transferor. 

_ 


10. 


TABLE'  50  . 


UNCLASSIFIED 


SPECIFI 


AT  IONS  .  fit  THE  TOO  PERKIN-ELMER  SPECTROMETERS  ' 
of  the  Ksnufecti’rer) 


f  i 

PRINCIPLE  I 

/  OR 

MONOCHROMA} 


SCANNING  S 


4J 

'  M 


/  ESPOUSE  WHS 


RESOLUTION 


‘WAVELENGTH 
REPRQDU  CIBI1 4  '<1 


_ HC  0?.L  12-C _ , 

Moduli  ed  single  beaa0 
* 

Sii.rVL  p.  ss.f/4.5 


-  MODEL  112 _ 

Modulated  single  beam. 

Double  pass,Littrow  mounting, 
27  cm  focal  length, effective 
aperture  f/4.5,prism  fece  60 
x  75  ma, effective  prism  base 
300  mm  (4  traversals). 


EEDS  8  ids.  to  4  hrs  for  rock  Average  is  22  min.  for  NaCl 

sal  ,  rivion*.  (average  tiro-  region.  The  normal  speeds  are 
16  r«n.)*utcaati<*  epeea  1,  2,  End  4  min.  per  revolution 

c>  v-t  wavelength  drive.  of  the  wavelength  drum.  Change 

gears  mounted  on  the  back  panel 
of  the  drive  coy  be  used  to  mul¬ 
tiply  these  speeds  by  factors  of 
4 t  i  or  £■. 


...  wavelength  drive. 


2,  4,  3  or  ]6  sec.,  90 
percent  response, 

1.5  cn"~  at  10U  (rock 
salt  prism)  / 

0.003^4. 


STRAY  RADIATION  Less  than  5  psreent  at 
1^.41  vth  grating  filter. 


TRANSMITTANCE 

ACCURACY 

TRANSMITTANCE 

REPRODUCIBILITY 


*  .>5  percent 


j.,2 5  percent 


2,  4,  8  and  12  sec.,  90  percent 
response. 

Better  than  1  cm“^  at  850  cof*^ 
(NaCl) - 

0.01  microns  at  2  microns: 0.003 
microns  at  15  microns  with  Had 
optics. 

(SCATTERED  RADIATION) i Less  than 
0.1  percent  throughout  Its  range. 

0.2  percent 
0.2  percent 


4>  ‘  -  V*'.  - 1 


.  % 


UNCL4S3  IF  !ED 


ll 


5)  Operation  was  then  continued  nonsally  until  completion  of  the  tests, 

6)  To  extinguish  the  Glover,  the  Veriac  voltage  was  lowered  gradually 
until  the'  Glower  was  of  such  a  color/temperature  that  the  current  was  insuf¬ 
ficient  to  maintain  the  tempers uure.  This  generally  occurred  at  about  40 
volts  across  the  transformer,  and  the  time  required  was  approximately  5  min. 

Using  this  procedure  the  following  operational  results  were  obtained: 
Glover  #1  operated  approx.  130  hrs  and  ignited  approx.  20  times;  Glover  02 
operated  approx.  220  hrs.  and  ignited  approx.  35  times.  Glover  #2  was  still 
in  good  condition  at  the  end  of  the  tests.  The  electric  circuit  end  the 
mounting  of  the  Stupnkoff  Glover  ere  shown  in  FIGURE  59  cn  page  13  . 

With  this  source  of  greater  energy  it  was  possible  to  use  the 
spectrometer  over  a  wider  effective  range  .  Also  the  new  model  Golay  Detector 
had  a  wider  effective  range  of  sensitivity  than  the  earlier  Golay  Detector. 

The  manufacturer  specifics  that  the  detector  has  "uniform  sensitivity  from 
the  ultraviolet  through  the  visible  snd  the  infrared  to  the  micro-wave  region". 
The  improvement  of  the  elit-vidth  in  operation  is  shown  in  TAELE  51,  page  14  • 

The  resolution  of  the  instrument  is  shown  in  TABLE  52,  page  1$. 

With  these  improved  conditions  it  was  possible  to  maxe  measurements 
from  about  0.7  to  15  micx’ons  without  the  change  in  prisms  which  had  caused 
difficulties  in  operation  in  the  work  of  the  earlier  contract. 

The  calculation  of  the  drum  readings  into  microns  is  shown  in  TABLE  53 
pages  16,  end  17. 

UNCLASS  IF  IED 

C.REC0MHE3PATI0S 

In  looking  ahead  to  possible  further  improvements  it  might  be  noted 
thot  the  instrument  might  be  easier  to  operate  with  the  new  constant  energy 
drive  system  which  Perkin-Elaer  Corporation  has  brought  to  the  market.  This 

came  too  late  to  ha  included  in  the  experimental  work  of  the  contract. 


UNCLASSIFIED 


/ ferns t 

Gfower 


Transformer 


Ammeter 


G  tow?r 


Aluminum 
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Housing 


Electrode 


0 
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t  !  ;  I - ; 
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UNCLASS  ir  IED 

Ii£LL  51. 


SLIT  rnCTRS  USED  WITH  IHJL  INSTRUMENTS 


OPERATING 

WITH  MODEL  12-G 

(  SINGLE  PASS) 

WITH  MODEL  112 (  DOUELE  PASS)  AND 

WTTTJ  ZTliV .ttrnm*  r-rnirm 

WAVELET  TH 

microns 

- - r7 WiVV,C 

fJSf-T  DSVE~  ;‘}:0DEL  CF  WAVELENGTH- 

LOPHEN T i  THIS  CONTRACT  RAKr.sr. 

- £U1 - SJUMIIMS  _ fe'ICFONS 

FINAL  MODEL  1 
SLIT {MICRONS 

0.5 

200 

_ 

0,6 

— 

— 

;  0.545  -  0.6 

0.600  -  0,7 

200  ' 

140 

°’7 

100 

0.7  -  C.S5 

90 

0*8 

60 

0.85  -  0.9 

55 

0.9 

— 

0.9  -  1.02 

35 

1.0 

55 

1.02  -  2.4 

25 

1.5 

35 

18 

* 

2.0 

35 

18 

2,4  -  2.9 

25 

3.0 

35 

18 

2.9  -  4.0 

29 

4.0 

65 

23 

4.0  -  4.5 

33 

5.0 

90 

55 

4-5  -  5-5 

49 

6.0 

250 

72 

5 • 5  -  6,45 

70 

7.0 

350 

94 

8.0 

350 

130 

6.45  -  7.95 

90 

9.0 

600 

175 

7.95  -  9.7 

130 

10.0 

900 

175 

■ 

n.o 

900 

240 

9.7  -12.6 

-  '^•."’.7;  . 

200 

12.0 

1400 

330 

13.0 

2000 

550 

12.6  _  13,7 

400 

H.O 

2000 

950 

13.7  -  14,4 

650 

15.0 

2000 

2000 

14.4  -  15.0 

*  HOG 

14. 


WAVELENGTH 

(MICRONS) 


OF  THE  SPECTROMETERS 


The  Bend  Pess  u\.  was  calculated  using  the  following  equation  taken  from  the 
Instruction  Manual  for  the  Perkin  Elmer  Infrared  Equipment  Vol.  I  FIG  8B  : 

. . . .  A>.  .t. . .  *  s(>  [  i 


Hereby  Is 


the  prismatic  resolution  for  infinitely  narrow  slits 


and  ZJ.V.q.i.  the  incremental  resolution  for  0.1  101  slit  width  (Half 
energy  spectral  slit  width) 

slit  width  used  for  the  different  wavelength  ranges  is  given  in  TABLE  51 
on  page  14  of  this  report. 


1.0 

— 

— 

0.0C038 

3-8 

1.5 

0.00895 

89-5 

2*0 

0.01625 

162.5 

0.0030 

30.0 

3.0 

0.0260 

260 

0.00498 

49.8 

4-0 

0.0^20 

520 

0.00615 

61.5 

5.0 

O.C630 

630 

0.00625 

62.5 

6.0 

0*1150 

1190 

0.0062 

62. 0 

7.0 

0.1243 

1243 

C « C0&24 

62.4 

8.0  ' 

0.1020 

1020 

0.00635 

63.5 

9.0 

0  1365 

1365 

0.0064 

64.O 

10.0 

0.1720 

1720 

0.0072 

72.0  • 

11.0 

0.154.0 

1540 

0.0092 

92.0 

12.0 

0.2195 

2195 

0.0130 

130.0 

13.0 

O.2692 

2692 

0.0128 

128.0 

14. 0 

0.2490 

2490 

0.0212 

212.0 

15.0 

0.2289 

2289 

0.0217 

217.0 

CALIBRATION  OF  THE 


tABLE  *3,  UNCLASS  I*-  lc.D 

ELMER  MODEL  112  SFgCTRQMETER  AT  THE  END  OF  WORK 


DRUM 

READING 

2480 

2470 

2460 

2450 

2440 

2430 

2420 

2410 

2400 

2390 

icJoO 

2370 

2360 

2350 

2340 

2330 

2320 

2310 

2300 

2290 

2280 

2270 

2260 

2250 

2240 

2230 

2220 

2210 

2200 

2190 

2170 

2160 

2150 

2140 

2130 

2120 

2110 

2100 

2090 

2080 

2070 

2060 

2050 

2040 

2030 

2020 


WAVELENGTH 

(MICRONS'; 

0.4U - 

0.433 

0,446 

0,457 

O.465 

0.473 
0,480 
0.486 
0,492 
0.497 
0.501 
0.506 
0.511 
0.516 
0, 520 
0-524 
0.529 
0.537 
0.545 
0.553 
0.560 
0.566 
0.572 
0,573 
0.583 
0.5S3 
0.593 
0.597 
0.601 
0,605 
0.609 
0,612 
0.616 
0.619 
0.621 
0.624 
0.630 
0.710 
0.725 
0.740 
0.760 
0,780 
0.800 
0.820 
0,845 
0.870 
0.900 


DRUM 

WAVELENGTH 

tjn  A  T  IT  /"> 

(MICRONS) 

2010 

0,940 

2000 

0.975 

1990 

1.005 

1930 

1.050 

1970 

1,095 

I960 

1  t  /  r\ 
j.ol4U 

1950 

1.200 

1940 

1.285 

1930  . 

1.360 

1920 

1 

1910 

1.560 

1900 

1.690 

1890 

1.860 

1880 

2.040 

1870 

2.210 

I860 

2.420 

18  50 

2,670 

1840 

2.870 

1830 

3.020 

1820 

3.210 

1810 

3,620 

1800 

4,01 

1790 

4.05 

1780 

4.18 

1770 

4o0 

1760 

4.50 

1750 

4.70 

1740 

4.95 

1730 

5,10 

1720 

5,25 

1710 

5.38 

1700 

5.50 

1690 

5,63 

1630 

5.73 

1670 

5.93 

1660 

6.05 

1650 

6.20 

I64O 

6.33 

1630 

6.45 

1620 

6.58 

1610 

6,68 

1600 

6,80 

1590 

6,93 

1580 

7.05 

1570 

7.18 

1560 

7.2S 

,  1550 

7.33 

(Continued  on 

next  E-age) 

DRUM 

READING 

1540 

1530 

1520 

1510 

1500 

1490 

1480 

1470 

1460 

T  /  c.r\ 

1440' 
1430 
1420 
14.10 
1400 
1390 
1380 
1370 
1360 
1350 
1340 
1330 
1320 
1310 
1300 
1290 
1580 
1270 
1260 
1250 
1240 
1230 
1220 
1210 
1200 
1190 
1130 
1170 
1160 
1150 
1140 
1130  . 

1120 
mo 
1100 
1090 


WAVELENGTH 

(MICRONS) 

7.55 

7.65 

7.75 

7.85 

7.95 
8.05 

8.15 

8.25 

8.35 
<-*  •  « 

O.4U 

8.50 

8.60 

8.70 

8.75 

8.85 

8.95 
9.00 
9.10 

9.15 

9.25 

9.35 
9.40 
9.50 
9.60 

9.70 
9.80 

9.85 

9.95 
10,00 
10.10 
10.20 
10.30 

10.40 

10.45 

10.50 

10.60 

nr\ 

JfcW# 

10.75 

10.80 

10.90 

11.00 

n.10 

11.15 

11,25 

11.30 

11.40 

11.45 


XAELE  53 .  (Continued) 


M'VCLAS 


o  Ir  i£0 


DRUM 

READING 

1070 

1060 

1050 

1040 

1030 

1020 

1010 

1000 

990 

930 

970 

n£r\ 

950 

940 

950 

920 

910 


WAVELENGTH 

(MICRONS) 

11  =  55 
11.60 
11.65 
11.75 
11.80 
11.90 
11=95 
12.00 
12.10 
12.15 
12.20 
I2o30 
12.35 
12.40 
12.50 
1 2 =55 
12.60 


900 

12.70 

890 

12.75 

eso 

12.80 

870 

12.85 

860 

12.90 

850 

32.95 

840 

13=00 

830 

13.10 

820 

13.15 

810 

13.20 

800 

13.25 

790 

13=30 

730 

13.35 

770 

13=40 

760 

13.45 

750 

13  =  50 

740 

13.55 

730 

13.60 

720 

’3.65 

710 

13.70 

700 

13.75 

690 

13.80 

DRUM 

READING 

Xan 

670 

660 

650 

640 

630 

620 

610 

600 

590 

580 

570 

560 

550 

540 

530 

520 

510 

500 

490 

430 

470 


WAVELENGTH 

(MICRONS) 

1  o  on 

c  ww 

13=85 
13.90 
13.95 
14.00 
14.00 
14=05 
14=10-  - 
14.15 
14.20 
14=25 
14.30 
14.35 
14.40 
14.45 
14  =  50 
14.55 
14.60 
14." 0 
14.60 
H.90 
15.00 
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B. 


UNCLASSIFIED 

ST-ATF-HE  T  Cl  T-’E  PRObLEM 


UNCLAS3  IF  L-D 


The  instrumental  procedure  produces  two  instrumental  curves  on 
the  recorder,  Cne  Is  for  the  infslling  or  illuminating  beam  which  impinges 
on  the  Gelay  Detector  end  the  other  for  the  radiation  reflected  from  the 
sample.  Hereby,  the  detector  window  first  Is  In  position  to  receive  the 
infelling  beam;  the  position  of  the  detector  In  the  hemisphere  Is  then 
rotated  in  such  e  manner  thet  the  sample  attached  to  the  detector  re¬ 
ceives  the  Infalling  beam,  et  the  ssme  angle,  and  the  detector  window 
collects  the.  reflected  radiation,  (See  Figure  60  below  and  Figures  34  and 
35  in  the  Second  Technical  Report.)  It  Is  therefore  possible  to  determine 
by  calculation  the  ratio  between  these  two  curves  for  ell  wavelengths. 

But  In  view  of  the  limitations  inherent  In  the  use  of  the  Coblentz 
Hemisphere  in  collecting  what  Is  expected  to  be  the  n total  diffuse  reflec¬ 
tance*,  it  is  necessary  to  coupe  re  the  aeacured  reflectance  with  a  known 
standard  of  reflectance.  In  this  manner  e  correction  factor  is  established, 


\ 

* 

\ 


a. 


\ 

\ 

\ 


Figure  60.  UNCLASSIFIED 

s.  Detector  in  position  to  receive  the  infalling  beaa. 

. 

b.  Detector  in  position  to  receive  the  reflected  beaa  from  the 

.  '  ' 

ssaple  or  the  standard. 


fcr  this  particular  set-up,  by  which  the  n total  diffuse  reflectance"  msy 
it  calculated  frcn  the  measured  reflectance*  The  problem  of  the  instru¬ 
mental  limitations  have  been  discussed  in  the  Second  Technical  Report, 
page  9  ffi  the  question  cf  errors  has  also  been  discussed  on  page  52 
of  the  same  report. 

Therefore,  it  vds  necessary  to  provide  for  means  cf  calculating 
from  these  ratio  values  the  data  which  can  be  assumed  to  be  the  true 
percentual  reflectance  values  of  any  given  test  specimen  at  the  various 
wavelengths.  This  requires  the  determination  of  a  ^correction  factor" 
for  each  wsveler.gth  based  on  the  instrumental  limitations  as  well  as  the 
difference  between  specularly  reflecting  surfaces  end  diffusely  reflecting 
surfaces. 

In  the  visible  and  very  near-infrared  range  it  has  bean  the 
practice  to  compare  the  specular  reflectance  of  a  specimen  with  that  of 
•  a  rhediua  mirror  end  to  compare  the  diffuse  reflectance  of  a  specimen  with 
the  reflectance  of  freshly  smoked  magnesium  oxide.  At  longer  infrared 
wavelengths  the  use  of  magnesium  oxide  was  not  practical  because  of  its 
low  reflectance  beyond  approx.  2.7  microns.  It  was  necessary,  therefore, 
to  find  a  different  material  which  would  provide  a  usable  degree  of  con¬ 
stant  end  sufficiently  high  infrared  reflectance  in  the  range  of  the 
determinations  which  were  in  the  scope  of  this  project. 

UNCLASSIFIED 

b.  STUDY  OF  SULFUR  AS  INI- RA RED  REFLECTANCE  STANDARD. 

In  the  Fall  of  1953 »  Agnev  (l)  pointed  out  this  need  for  a  diffuse 

reflectance  standard  for  comparative  measurements.  He  postulated  thet, 

for  a  radiation  incident  to  toe  normal  at  an  angle  i,  an  ideal  diffusely 
-*» ' 

reflecting  substance  would  approach  a  circular  distribution  of  reflected 
(1)  Agnsv,J.T.  and  KcQuiston,R.B.,  JOSA,  Vol.  43,  p.999  (November  1953). 


1? 


energy  recording  to  the  reletion: 


^033  9  ^ 

vhoro  the  angle  between  t.h*  line  of  observe  tier,  end  the  normal  w  th* 
curfeee  is  J. 

He  made  some  measurements  using  for  the  angle  i  the  constant 
cngle  of  45°  end  varying  the  angle  j  from  £75°  to  q^Q0,  except  the  range 
from  40°  to  $0®’*'"  Seme  metellies  were  studied,  such  eg  finely  divided 

aluminum  (  up  to  ICO-msfh) ,  brass;  and  smell  tin  pollute.  They  were  found 

to  he  more  dee^eble  than  said  blasted  aluminum,  which  fcts  >  been  consi- 

>'  *  * 

dersd  under  this  current  project.  Cue:®  sc^-so  tallies  vert  studied,  r-uoh 
as  germanium.  powder,  dark  powder  of  lead  (up  to  lOO-mech),  lend  oxide, 
selenium  and  tellurium,  Of  these  the  selenium  appeared  to  be  the  Rest 
promising.  Of  the  nen-R* tallies,  powdered  sodium  chloride,  powdered 
glass  end  fir.sly  divided  sulfur  wars  tested.  Of  these,  sulfur  end  sodium 
chloride  hod  the  most  promising  characteristics.  Agnew  concludad  that 
the  chemicel  nature  Bnd  crystal  structure  have  e  pronounced  effect  fen  the 
diffuse  reflectance  characteristics  of  a  given  substance,  even  of  the 
powdered  materials}  and  he  suggested  that  for  further  investigation  tha 
use  of  combinations  of  materials  such  as  a  layer  of  eulfur  backed  by  a 
flat,  highly  reflecting  surface  such  as  polished  aluminum  should  be  studied 

In  our  current  project  a  non-metallic  standard  appeared  to  be  the 

.•  .•  . 

most  desirable  one  because  of  the  non-metsllic  nature  of  the  materials  to 

■ 

be  studied.  Of  the  non-setallic  materials  it  appeared  most  suitable  to  uea 
a  material  which  would  not  depend  on  its  individual  preparation,  such  as 

powdering,  for  its  cone tent  behavior.  As  a  standard,  it  was  desirable  to 


use  a  material  which,  under  comparable  conditions,  would  produce  the  same 
reflectance  when  applied  at  different  times  and  by  different  operators.  If 
variations  of  any  important  order  should  occur,  it  would  be  necessary  to 
know  the  cause  of  these  variations  end  how  to  avoid  the&. 

Under  the  (Current  contract  the  use  of  sulfur  as  a  diffusely,  reflect¬ 
ing  standard  was  investigated  further.  It  was  soon  observed  that  two  types 
of  finely  powdered  sulfur  had  completely  different  reflectance  characteristics 
The  Flowers  of  Sulfur  shewed  desirable  stability  in  reflectance  during 
preliminary  tests,  while  the  colloidal  sulfur  dropped  in  reflectance  to  a 
considerable  degree  at  2*2  microns,  A  study  was  made  to  determine  why  this 
difference  in  reflectance  between  the  two  different  forms  of  sulfur  existed. 
First,  three  different  forms  of  sulfur  were  considered.  These  were  1)  a 
natural  grown  crystal  of  mineral  sulfur,  2)  colloidal  sulfur  (Fisher, Cat. 

No.  S-597),  and  3)  sulfur  flowers  (fisher, Cat.  No.  3-591).  Of  these  , 
only  the  Flowers  of  Sulfur  appeared  to  provide  the  necessary  characteristics 
for  a  comparative  reflectance  standard. 

The  production  methods  of  these  three  sulfurs  were  considered  in  an 
effort  to  better  understand  their  behavior: 

a.  The  sulfur  crystal  is  the  natural  orthorhombic  mineral  having  the 
foliewing  chemical  and  physical  properties: 


Hardness 

1.5-2. 5 

Specific  Gravity 

2.05-2.09 

Refractive  Index 

2.038 

Risible  at 

108°C. 

* 

Soluble  in  CSj 

X-ray  pattern  shows  normal  sysssetry. 

hi.  "  V.  ' 
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b.  The  colloidal  eulfur  can  be  produced  either  by  veiy  fine  powdering 
of  eulfur  cr  by  chemical  precipitation  from  certain  eulfiu,1  solutions  with 
subsequent  purification. 

c.  Flcvero  of  Sulfur  is  produced  by  heating  eulfur  to  e  point  of  eubli- 
nsticn.  The  sulfur  vapor  iB  allowed  to  expend  into  a  Ifirge  cheater  in'en 
atmosphere  of  eulfur  dioxide  and  nitrogen.  Here  it  cools  rapidly  and  condenses 
into  fins  droplets  which  solidify  to  a  product  known  so  Flowers  of  Sulfur. 

To  understand,  this  development  chemically,  the  following  approach 
has  been  taken  (2).  The  natural  crystalline  sulfur  is  aesur  d  to  be  the 
stable  form  of  rhoRbio  sulfur. or  the  Alpha  eulfur.  Tills  +ers  for  the  stable 
rhombic  eulfur,  which  Is  soluble  in  carbon  disulfide,  differentiates  it  frets 
tha  conocllnic  crystalline  .Beta  eulfur  into  which  the  Alp'-a  eulfur  changes  at 
about  95°C,  This  too  ie  soluble  in  carbon  disulfide, If  ths  solution  ip  ceded 

■■a**** 

below  about  43°C,  however,  a  portion  of  the  sulfur  becomes  insoluble  end 
separatee  as  Lambda  sulfur,  whereby  Fi  sulfur  reoains  in  solution  at  that 
temperature, 

Asaorphcus  mat-. sulfur  ia  e.  variety  which  is  Insoluble  in  carbon 
disulfide.  It  ia  obtained  by  rapidly  cooling  very  hot  ir>olt6n  sulfur  or 
eulfur  vapor  to  normal  temperature  and  by  then  removing  the  soluble  var¬ 
ieties  by  extraction  with  carbon  disulfide.  At  normal  temperatures  tha 
mate sulfur  repaina  stable,  but  at  about  104°C.  it  changes  quits  quickly  into 
the  nonoclinic  fora. 

If  sulfur  is  near  its  salting  temperature,  it  is  assumed  to  be 
primarily  in  a  Lambda  form  or  ths  molecular  weight  Sg  end  in  the  molecular 

•  i 

configuration  of  a  ring-. 

(2)  Tuller,  V.H.,  BTha  Sulphur  Data  Hook",  HeGrsv-Hill  Eook  Co,, Inc, Hew  York 

(1954) 

44* 


In  besting  sulfur  above  16C°CI  this  Sg  ring  opens  up  in  quantity 
to  form  an  open  chain  mete-sulfur,  such  as  (3): 

S  S  S  S 

#  %  #  %  #  "%  # 
s  s  s  s 

Vith  rising  temperature  a  polymerization  of  these  open  chains  occurs  and 
they  reach  their  maximum  length  ft  about  187°C.  ("viscous  sulfur").  Beyond 
187°C.,depolymerizaticn  preveils  increasingly  vith  rising  temperature  until 
the  boiling  point  is  reached.  At  about  510°C.  in  the  vapor  state  the  value 
n  in  Sn  represents  en  average  of  6;  at  700°C,  the  value  Sn.  is  So* 

i'l e  vapor  phase  in  the  production  of  Flowers  of  Sulfur  consists 
therefore  of  a  mixture  of  short  open-chain  sulfur  (principally  Sg  and  S^) 
together  vith  Sg  rings,  HgS  and  SOg.  Upon  condensation  to  the  liquid  phase, 
the  open-chain  fragment*  polyaeris*  rapidly  as  in  visccua  sulfur.  Hereby, 
the  prssencs  of  H~S  and  other  impurities  causes  chain  terminating  reactions 
vith  tl  s®  iepuritiss,  Simultaneously  another  part  of  ths  substance  matter 
crystallises  into  the  stable  8-asmbsred  ring  of  rhombic  sulfur  ond,  under 
the  moderate  tempers tur®  condition  in  the  chamber,  the  long  chain  sulfur 
crystallizes  into  the  nixed  from  of  sulfur  known  as  Flowers  of  Sulfur. 

Thi3  made  it  understandable  that  the  difference  in  infrared 
reflectance  between  colloidal  or  unsnblined  sulfur  end  Flowers  of  Sulfur 
was  caused  by  a  true  chemical  difference.  Sines  this  difference  resulted. 

from  the  difference  in  production  method,  that  is,  by  the  one  being  heated 

. 

into  a  vapor  phase  during  production  and  the  other  being  produced  either 
by  very  fine  powdering  of  sulfur  or  bjr  chemical  precipitation  from  certain 
sulfide  solutions  vith  subsequent  purification,  it  appeared  desirable  to 
include  a  fourth  sulfur  specimen  in  the  study,  whose  heating  procedure  and 

’  ‘  >  i*  *  *  -  hmI  i-  '  *»  .  fl  -  -  J'  " 

recovering  method  might  cause  an  even  more  uniformly  heated  sulfur  than 

(3)  Gee,  G.,  TRANSACTIONS  FARADAY  SOCTFTY,  Vol.48,p. 515-526  (1952). 
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UNCLASSIFIED 

c.Trrv-'.Ili..  wl*  Vj 

f*  -  .  af  cea  ■  r,"  rien  to  ociul  out  the  r,t  tni.  _  of  the  tarsi  "e;aorphousB 
sulfur.  (A)  ."••ad  f  .Ut&r.-hoi--.  .  ulfcr  t  .*  a  Goterirl  vj-th  the  ferrule 

g  sna  bavin;.  !■  ac-Leai,^  f  uei^ht  of  y.  „Ofc0  Mpnnell  nic  cr  rhombic  sulfur  ip 
given  r.e  S3  with  r  ’heigut  of  £*6.4$,. 

•!ru'£  ..;;eq  (5)  i .scribes  vaporized  sulfur  es  an  epinrphoue  sulfur  in 
e  highly  jofyuerized  f :  r.r.,  having  h  ic-leeulf  r  vreight  of  pppfox.  ?0Q,0C0}  while 
amorphous ,  insoluble  puiftr  lb  described  as  pp^y iisp-.rpe,  highly  polymeric, 
stra  ichUchr ir.-  ilaptchtrf.  of  sulfur  <  toms  vltU  chi  in  gudinge  cf  other  elements. 
Thepe  any  yr-nre  fygm  simple  hydrogen  to  sulfuric  ?eid  groups,  or  even  alkyl 
groups  or  their  carbon*  tee  end  related  groupings.  This  sulfur,  named  R^Sn  , 
la  cliera£eajly  and  ther-tfLly  metsstal . e  mid  thermocynaalcslly  instable  at 
ordinary  temperatures . 

.*■  oge-  (/,,>  defines  noinal  sulfur,  In  e  similar  manner,  t  r  a  "reversi¬ 
bly  stable  group  of  polyr.aric  moleou'i r. r  compounds  of  sulfur  atoms,  namely  Sg 
rings  and  St  cbr-J  ns,  vhet  o  equilibrium  composition  in  a  function  of  tempera¬ 
ture  snd  pvt  ctii*  ", 

Sine-.  r*;iu  sulfur  in  tee  liquid  .hare  is  defined  a?  Lambda  sulfur, < 

the  tsra  Ku  sulfur  has.  been  introducer,  for  the  insoluble  sulfur. 

V)  Lange, H,/u,  "Handbook  of  Chemlstry^dth  Ed.,  Hrndtccjt  ?ubUsherr,Ir.c. 
f?ndur}.7,0hi'.v 

'5)  Ileocluco,?.,  "f;,c  ’heriatry  of  Cuif-  r",  Report  'o.Zf,  ( Sept. I6f  1951) Stauffer 
Chemical  Co./Y  .Urp-” rt  Yent,  Fa  stern  Civ.,  ChfcUncey,  Yw  fork. 
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g.SULFUHS  USED 

U.ing  new  this  terminology,  the  test  specimens  in  our  experi¬ 
mental  work  comprised  the  following: 

1)  A  natural  crystalline  rhombic  sulfur. 

2)  A  "colloidal"  sulfur  which,  inspite  of  its  very  small  particle 
size,  was  primarily  a  rhombic  sulfur. 

3)  Heat-transformed  sublimed  sulfur  (Flowers  of  Sulfur)  ,  which 
contain  up  to  30 %  in  the  insoluble  Mu  form  by  the  heat  transformation. 

4)  Heat-vaporized  and  quenched  high-polymer  sulfur  consisting  of 
about  99.5"  sulfur  with  85%  to  93%. in  the ' insoluble  Ku  form.  These 
percentual  limitations  cover  the  difference  between  the  commercial 
grades  and  the  pure  grade  obtained  for  thin  study. 

UNCLASSIFIED 

e. X-RAY  DIFFRACTION  STUDIES 

In  further  attempts  to  understand  the  eulfurs  better  some  X-ray 
uiffract  on  studies  were  made.  The  instrument  which  was  used  was  the 
K"r£y  diffraction  Spectrometer.  (Appreciation  is  expressed  hers 
to  «ir.  Fred  Eehr  of  North  American  Philips  Company,  Haunt  Vernon,  Hew  York 
_  and  ”r*  Jan2S  A.  Asick  of  the  H.C. A. Laboratories  in  Princeton,  New  Jersey 
for  their  instrumental  assistance  in  the  question  of  defining  the  standard 
material.)  The  x-ray  diffraction  spectra  are  shown  in  Figures  6l  to  65,  p.26-30. 

Here  ti  e  colloidal  sulfur  (Fig*  6X,p,26Jhnd  the  sublimed  sulfur 


rfFigiire  -63,  page  2a)  •  kttd  ■  'Similar  spectra  a'  .j  bat,  in  agreement  with 
the  chemical  facts  mentioned  earlier,  the  Flowers  of  Sulfur  showed  a  slight 
deviation  from  the  spectrum  of  the  colloidal  sulfur  in  that  some  of  the 

lines  had  less  intensity  than  was  the  case  with  the  specimen  of  colloidal 
sulfur. 
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An  additional  specimen  had  been  produced  by  5lovly  heating  the 
colloidal  sulfur  to  a  temperature  just  appro? cning  the  melting  point  of 
sulfur  or  to  about  UO°C.  This  was  done  because  at  around  96°C.  the 
rhombic  sulfur  Is  being  progressively  transformed  into  the  monoclinic 
sulfur.  The  specimen  v as  th^n  allowed  tc  cccl  very  sicvly  to  room  tempera¬ 
ture.  Its  spectra  (Figure  62.)  showed  a  definite  indication  of  broadening 
at  the  line  appearing  at  11.4  degrees.  Otherwise,  this  specimen  remained 
the  same  cs  the  colloidal  sulfur. 

The  same  test  was  mcde  on  the  subllre'd  sulfur.  The  spectrum  is 
shown  as  figure 

Proceeding  to  the  -insoluble  Ku  fora  sulfur  (  the  vaporized  end 
quenched  fern),  the  intensity  relation  between  lines  in  the  colloidal  or 
in  the  sublim  d  sulfur  and  the  lines  in  the  insoluble  sulfur  were  different. 
(Figure  65*).  The  Ku  form  sulfur  showed  strong  lines  in  the  spec trua 
which  had  not  been  present  in  the  spectra  of  the  other  specimens.  The 
meaning  ox  v«s  results  have  been  expressed  as  follows:  tha tr If  sulfur 
of  the  insoluble  type  were  present  in  the  other  samples,  it  was  to  a 
relatively  snail  percent,  less  than  5%  or  so, and  may  not  have  been  present 
at  all".  This  corresponds  to  the  fact  that  the  *  insoluble  sulfur"  specimen 
was  one  consisting  cf  85%  to  93%  of  the  Mu  fora.  The  colloidal  sulfur  in  the 
original  fora  and  the  one  heated  gradually  to  about  110°C.  was  not  expected 
to  contain  the  Mn  fora  at  all.  The  Flowers  of  Sulfur,vith  its  estimated 
30%  Ku  fora  sulfur  content,had  shown  certain  differences  in  intensity.  Here 
the  full  content  of  Ku  fora  had  not  shown  up  clearly  enough  in  the  2-ray 
diffraction  spectnia  to  penult  a  quantitative  estimate  of  the  Mu  fora  content 
to  be  made. 
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In  connection  with  the  X-ray  diffrsction  study,  the  attempt  was 
isace  to  use  electron  diffraction  methods  also,  by  cooperation  of  R.C.A.; 
but  here  the  finely  divided  sulfurs  had  the  tendency  of  evaporating  under 
the  test  conditions.  Electron  micrographs  were  taken,  but  they  were  not 
conclusive. 

UNCLASS  ib  ir.D 

THE  CORRECTION  FACTOR  FOR  DIFFUSELY  REFLECTING  SURFACES  EASED  OH  THE  SULFUR 
STANDARD . _ 


Eech  of  the  four  sulfurs  was  inserted  in  the  sample  holder  next 
to  the' Coley  Detector  in  the. sane  manner  as  test  specimens.  Tine  reflectance 
of  each  was  determined,  in  the  seme  manner  ee  with  other  samples}  and  the 
ratio  between  values  for  the  infalling  besm  end  the  reflected  beam  was 
determined. 

Since  the  sublimed  Flowers  of  Sulfur  appeared  to  be  especially 
suitable  for  our  work,  a  series  of  four  dete-mi nations  were  made;  end  the 
average  taken.  From  these  values,  the  curve  "Flowers  of  Sulfur,  average 
of  4  curves  before  correction  factor"  vs s  obtained.  This  is  shown  in  | 
Figure  S-l  at  the  end  of  this  report. 

The  spectrum  of  the  rhodium  mirror  ws3  obtained  and  plotted  before 
the  application  of  any  correction  factor,  as  shown  in  Figure  S-2. 

Eoth  of  these  curves  were  used  in  establishing  the  correction 
factors  which  were  used  on  the  applicable  Instrumental  reflectance  curves 
of  the  samples.  The  correction  factors  were  obtained  in  order  that  they 
could  be  applied  to  all  instrumental  curves  to  obtain  a  final  value  that 
is  more  representative  of  a  "total  diffuse  reflectance"  measurement. 

The  rhodium  mirror  curve  was  used  for  determining  a  correction 
factor  for  materials  which  were  of  a  similar  type  of  specular  reflectance 
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as  the  mirror.  These  vere  metal  surfaces,  application  of  unpigmented 
varnishes,  etc.  This  factor  was  determined  by  comparing  the  curve 
shown  for  the  rhodium  mirror,  point  by  point,  with. values  obtained  by 
the  cooperation  of  the  sponsoring  agency  and  given  in  TABLE  54jppge  34. 

In  the  wavelength  range  to  2.7  microns,  the  rhodium  mirror  was 
measured  relative  to  magnesium  oxide. 

In  the  same  range,  Flowers  of  Sulfur  was  measured  also  against 
magnesium  oxide  and  the*  rhodium  mirror  (TABLE  55,  ^pages  35  end  36.). 
The  measurement  against  magnesium  oxide  was  calculated  against 
the  data  for  the  absolute  reflectance  of  magnesium  oxide  of  Sanders  end 
Middleton  (6)  (TAELE  56).  The  values  obtained  here  were  uned  as  Rtotal 

diffuse"  reflectance  values  for  the  sulfur. 

*  * 

From  the  data  on  the  rhodium  mirror  and  the  sulfur,  two  correction 
factors  were  determined:  one  for  specularly  reflecting  specimens  based  on 

i  . 

the  ratio  between  the  known  reflectance  data  of  the  rhodiuu  sirror  of 
Table  54  and  the  n&asured  reflectance  data  of  the  rhodium  mirror  shown 
in  Figure  S-2. 

The  resulting  ratio  data  are  given  in  TABLE  57  and  were  used  as 
tbe  correction  factor  for  specimens  of  similar  character. 

The  other  factor  was  used  for  diffusely  reflecting  surfaces  and 

was  obtained  as  the  ratio  between  the  "total  reflection  of  sulfur"  in 
TABLE  55  and  the  measured  average  of  four  determinations  given  in  FIGURE  S-l. 

The  absolute  data  of  the  sulfur  was  not  available  over  the  entire 
range  to  15  microns;  but, since  the  ratio  resained  constant  in  the  entire 
range  except  between  0.845  microns  and  3  microns,  the  factor  of  1.80 
was  applied  to  the  wavelength  region  from  3  to  15  microns.  This  factor  is 
(6)  Sanders, C.  and  Middleton, E,E.if.,J0SA,  Vol»43,  p,58  (Jan  1953). 
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m  ££  m  CORRECTION  FACTORS  Ll 

SPLC1RJLL  EhFt.Pr..TAaC£  Q£  MJ5.  BHOEIIIii  MIBEQE,  ££  USED  IN.  TgE  CALCULATIONS. 
— SMSLENGTH  XN.JLLlI£QIlS. _ _ reflectance  tn  %  __ 


0./ 

0.6 

O.a 

1.0 

1.1 

1.4 

1.6 

1.9 

r.o 

1.4 
3.0 

3.5 
4.0 
5.0 
-.0 
7.0 
3.0 
9.0 

10.0 
xx. 0 
11.0 
13.0 
14.0 
15.0 


71.5 

76.3 
81.0 
81.0 

84 .6 

86.4 
87.6 

93.4 
9C.5 

91.4 
91.0 

92.5 
93.0 
94.  i 

94.5 
94.9 
95.1 
95-3 

95.5 
95.5 
95.5 
95.5 
95.5 
95-5 


THE  DATA  FROM  0.4  TO 
BUREAU  OF  STANDARDS, 
{  THE  ERDL  DATA  FROM 
FROM  THE  KBS  DATA) . 


4.0  MICRONS  WERE  OBTAINED  FROM  THE  NATIONAL 
THE  DATA  FROM  5  TO  15  MICRONS  FROM  ERDL  . 
0,4  TO  4  MICRONS  DIFFERED  NO  MORS  THAN  0.7$ 
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TAELS  II 


UNCLASS  Ir'IED 


IHE  CALCULATION  .Qf  JKE  CORRECTION  £JK2Q££  XL. 

(  SPECTRAL  FEFLLCT/NCE  MEASUREMENTS  OS  THE  ERDL  SPECTROPHOTOMETER  KITH 
GLASS  HEMISPHERE  ) 

WAVELENGTH  RHODIUM  FLOV7ERS  OF  SULPHUR  SULPHUR:  TOTAL 

MICRONS  REL.MgO  SULPHUR  REL.  REL.RHOD.  DIFFUSE  REFLECTANCE 

MgO  (USING  ABSOLUTE  HgO 


...  _  _ _  _  DATA  OP  SANDSES) 

0.70 

84.4 

90.7 

107.5 

0.72 

84.8 

91.2 

107.5 

88.1 

0.74 

85-2 

91.5 

107.2 

0.76 

84. 

91.0 

10b.  5 

87.7 

0.78 

84.3 

91.4 

107. 

0.80 

85*2 

91.8 

107. 

88.2 

0.82 

85. 5 

91.7 

107.1 

0.84 

85. 

91.7 

109.8 

0.86 

85-9 

92.3 

107.3 

88.4 

0.83 

86.4 

92.7 

107.1 

0.90  • 

86.7 

93-4 

107.8 

89.4 

0.92 

£6.4 

93. 

107.8 

0.94 

S6  4 

92.4 

107.0 

G.96 

86  S 

93 

107.2 

83.7 

0.98 

86.5 

92. 

107.2 

1.00 

87. 

93. 

107. 

89-1 

1.05 

87.6 

93.7 

107. 

89.6 

1.10 

8-8.4 

94.1 

106.3 

90.1 

1.15 

S3. 3 

94.4 

106.2 

1.20 

S9.4 

94.2 

105.5 

1.25 

90. 

94.6 

105. 

-  -  -r 

1.30 

9-0.7 

95 

104 .8 

90.3 

1.35 

91.5 

96.5 

105- 

1.40 

92. 

95.3 

104.1 

1.45 

92'.  2 

95-8 

104. 

1.50 

92.4 

95.8 

103.5 

91.0 

1.55 

92.8 

96.1 

103.5 

1.60 

93.2 

96.1 

103. 

1.65 

94.5 

97.1 

102.5 

1.70 

93.4 

96.6 

104.4 

1.75 

95-8 

97.5 

101.  S 

1.80 

96.8 

97.6 

100.3 

1.85 

97.7 

99.1 

101.5 

1.90 

99-2 

99.2 

100 

1.95 

100 

100 

100 

94.1 

2.00 

100 

100 

100 

94-2 

2.05 

99.2 

99.2 

100 

2.10 

99.2 

100 

101 

2.15 

99 

100 

101 

2.20 

101 

101.2 

100.3 

95.4 

2.25 

101.2 

102.8 

101.2 

2.30 

102.5 

103.3 

101.2 

WAVELENGTH 
MICRONS _ 

.THE  .flALCUL. 

UNCLASS  lr  1ED 

TABLE  55. (Continued) 

ATION  OF  THE  CORRECTION  FACTORS  H( CONTINUED  ) 

RHODIUM 
....  RELligO 

SULPHUR 

RET  K  0  • 

SULPHUR 

PEL. RHODIUM 

SULPHUR: TOTAL 
DIFFUSE  REFLECT, 

2.35 

103.3 

105.2 

101.8 

2.40 

103.2 

105. 

102. 

2.45 

103. 

105.8 

102.2 

99.5 

2.50 

103.7 

-  IO6.5 

102.8 

2.55 

105. 

107 

101.8 

2.60 

106.8 

108.5 

101.8 

2.65 

112.  S 

114 

101.2 

f 


UNCLASS  IF  iED 

TABLE.  J5L. 

SIS.  PiMiMlION.  OF  THE.  CORRECTION  FACTORS  III. 

„  "iBSOL’JTEn  REFLECTANCE  OF  MAGNESIUM  OXIDE  ACCORDING  TO  THE  DATA 

OF  SANDERS  .AND  L I  DDL  E  J  oTJ  pJTAlHJF'Tn  £^ETTcTAl~3gOTETr  7TAlTCnrinriV53 : 


(  AVERAGE  OF  THREE  SPECIMENS  ONE  DAY  OLD  ). 


WAVELENGTH 

-LHISEQIiSjL 

0.60 

O.64 

0.6a 

0.72 
O’.  76 
0.80 
0.85 
0.89 
0.93 
0.97 
1.01 
1.05 
1.09 
1.13 
1,17 
1,22 
1,26 
1.30 
1.34 
1.33 
1.42 
1 . 46 
1.50 
1.55 
1.59 
1.63 
i.67 
1.71 
1.75 
1.79 
1.83 


REFLECTANCE 


97.1 

96.9 

96.7 
96.0 

96.4 

96.2 
96.1 

96.1 
96.0 

95. 9 
95.75 

95.7 
95.6 

95.5 
95.4 
95-3 

95.3 

95.2 
95.1 

94.9 
94.9 
95.0 
95.1 
95.1 
95,0 
94.9 


WAVELENGTH 

— osmisj 


REFLECTANCE 


94.2 

94.0 

94.1 

94.2 
.  94..  2 

94.2 

94.2 

94.2 
94*2 
.94.0 
93.6 

93.3 

93.2 

93.3 
94,0 


r 


TARLE  5Lu 


QH  JEACIQfiS  H2£ 
THE  RHODIUM  JJJ 


UNCLASS  l r  t£D 


SUFFICE  (  .MS1I!  £11 


DRUM  -FvEADlIjC 

UP  TO  ZlfcO 


2030 
2020 
2010 
2000  . 
1990 
1980' 
1970- 
19&0 
1950  ' 

1940^ 
1930 
1920' 

1910 

1900 

1590 

18S0-. 

1870 

I860 

1850 
1840 
1830 
1820 
1810 
'  1800 
1790 
17 80 
17*70 
1760 
1750 

FROM  1740  08 


0.c*l6 
0.619 
0.621 
0.624 
0.680 
0.710 
0.725 
0.740 
0.760 
0.780 
0.800 
0.820 
0.345 
0.870 
0.909 
0.940 
0..975 
1.005 
1.05  ' 
1.095 
1.14 
1.20 
1.285 

1.36 
1.45 
1.56 

1.69 
1.86 
2.04 
2.21 
2.42 
2.67 

2.37 
3.02 
3.21 
3.62 
4.01 
4.05 
4.13 
4.30 
4.50 

4.70 
4.95 


1.00 
1 .01 
1.01 
1.03 
1.04 
1.05 

1.05 
1.06 
1.06 
I.06 
1.07 
1.07 
1.06 
1.06 
1.06 
1.05 
1,04 
1.03 
1.02 
1.02 
1.01  ' 
1.01 
1.01 
1.C1 
1.00 
1.00 
1.00 
1.00 
1.00 
1.01 
1.01 
1.02 
1.02 
1.03 
1.03 
1.03 
1.04 
1.04 
1.04 
1.05 

i.or 

1.05 

1.06 
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tabulated  in  TABLE  58>  page  40 


Applying  the  factor  for  diffusely  reflecting  media  to  the  reflectance 
curve  of  sulfur  shewn  in  FIGURE  S-l  end  to  the  other  sulfur s  studied,  the 
corrected  reflectance  curves  ere  obtained  ss  shewn  in  FIGURES  S-3  to  S-6. 
FIGURE  S-3  gives  the  sublimed  sulfur  (Flowers  of  Sulfur)  end  FIGURE  S-4  the 
vaporizednInsoluble,?  sulfur)  that  is,  the  two  sulfurs  which  contain  the 
type  sulfur . 

FIGURE  S-5  shows  the  colloidal  sulfur,  which  is  microrhcmbic  sulfur) 
tnd  FIGURE  S-6  shews  the  natural  sulfur  crystal,  which  is  quite  uniform  in 
reflectance  throughout  the  test  range  but  low  in  reflectance  value  and 
difficult  to  .reproduce  the  surfaces  in  view  of  the  character  of  the  sulfur 
crystals. 

As  comparative  standard  la  studies  on  diffusely  reflecting  surfaces, 
the  sulfurs  which  contain  the  Ku  form  ere  quite  constant  until  past  1G  microns 
with  •£  typical  absorption  band  between  10.5  and  12.5  microns  er.d.with  s  drop¬ 
ping  off  beyond  13*4  microns.  As  the  Ka  type  sulfur  becomes  v&re  readily 
available  in  great  parity,  it  might  later  replace  the  Flowers  of  Sulfur,  which 
is  used  as  comparative  standard  in  the  present  study.  Eat  as  FIGURES  S-3  and 
S-4  chow,  such  a  change  between  the  two  sulfurs  will  hEve  little  effect  on 
the  various  determina tions  $lven  in  this  report. 

For  comp?  risen,  FIGURE  S-7  shows  the  spectrum  of  the  magnesium 
oxide  powder  with  it3  sharp  drep  between  2  and  3  microns.  This  curve  has  been 
made  from  chemically  pure  magnesium  oxide  because  it  was  not  feasible  to  u£d 
the  area  close  to  the  salt  window  of  the  Golsy  Detector  for  producing  freshly 
sacked  magnesium  oxide  without  possible  damage  to  the  window.  It  was  also 
impractical  to  produce  the  freshly  smoked  magnesium  oxide  outside  the  instru- 


39 


t 


table  53.  UNCLASSIFIED 

THE  CALCULATION  2£  THS  CORRECTION  FACTORS  V_L 

jmr*  -SQ£BS£Iiai  FACTORS  I2B  i.  DIFFUSELY  REFLECTING  SURFACE  (  EASED  ON 
JHLE  SULPHUB  jSEIEIES-. ) 


.  DRUM  READING  . 

_  WAVELENGTH  IN  MICRONS  _ 

FACTOR 

UP  TO  2040 

to  0.845 

1.81 

2030 

0.370 

•1.30 

2020 

•  0.900  ' 

1.79 

2010 

0.940 

1.76 

2000 

0.975 

1.74 

1990 

1.005 

1.70 

1980 

1.050 

I.69 

■  1970 

1  095 

1.6s 

I960 

1.140 

I.67 

1950 

1.2G0 

1.07 

1940 

1.285 

I.67 

.  1930 

1.360 

1.67 

1920 

1.450 

1.66 

1910 

I.560 

1.66 

1900 

1.690 

1.66 

1890 

I.80O 

I.67 

1880 

2.040 

I.67 

1870 

2  210 

1.63 

I860 

2.420 

I.69 

1850 

2  670 

1.70 

1840 

2.  $70 

1  M 

/< 

PROM  1830  ON 

3.020 

1.30 

| 
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merit  and  then  w-.’rt  ir,  inv;  the  smell  rr=a  without  dr.nsge  tc  the  uniformity 
of  the  *ir fare-. 

The  tpie- tier.  remained  v.,:ich  of  trie  two  correction  frctcro  would 
apply  tc  certain  ourfacer.  which  might  have  a  slight  semi-glcss  end  vculd 
appear  to  he  c*tv  -ea  t'r*  r.oeculrr  v;  the  diffusely  reflecting  substances. 

For  cor.yrri: studie;  ;  .re  made  using  the-  Heckman  Spectrometer 
with  Heflecti rn  Jttrehment  on  th/re  surfaces*  Its  characteristics  are 


we!  known  ? r.d  have  l •- n  discvu-ned  in  the  Supplement  ,  pr. ge  3  >  of  the 


Find  Report  cf  the  proceeding  rrntract  (BA-44-009  eng-652) -  where  a: 


agreement  between  the  Eeckmsn  cnf  the  Perkin- Elmer  was  to  be  expected, 
both  factors  were  f polled  and  shoved  the  following: 

e)  To  pigmented  finishes  of  some  degree  of  hieing  povrer/  the  diffuse 
reflection  factor  is  to  be  applied.  The  diffuse  reflection  factor  applied 
else  to  such  complex  natter  as  leaves  of  trees  where  the  beam  penetrating 
the  specimen  surface  is  entering  a  network  of  substance  matter  vhich  gives 


them  the  diffusely  reflecting  characteristic. 

b)  In  cases  where  the  hiding  power  is  so  lew  that  the  film  is  transparent 
in  the  visible  range, mu  where  the  specimen  is  applied  on  a  specularly 
reflecting  surface,  such  as  polished  aluminum,  the  specular  factor  had  to 
be  applied.  This  refers,  for  instance,  tc  r  dispersion  of  325-mash  Mica 
in  elkyd  rssin  on  polished  aluminum  or  similar  materials. 


i 

\ 

1 


1 1  \'C[  a  SS IFME12  ASUREMENT  0£  background  matfpials 
r. INTRODUCTION 

In  an  evaluation  of  camouflage  materials  It  is  of  primary  importance 
to  know  the  reflection  spectrum  of  the  background  materiele  studied  under 
corresponding  conditions.  The  number  of  possible  background  materials  is 
so  great  that  within  the  scope  of  this  project  a  limited  number  of  groups 
only  have  been  studied  in  the  hope  that  from  these  some  deductions  of  a 

“W&SSlF  IED  '  ' 

Ine  original  work  progren  included  therefore  a  number  of  green 
leaves,  coniferous  twigs,  dry  leaves,  dry.  grass,  ton  different  soils  and 
sands,  and  three  barks  of  trees.  During  the  course  of  the  work  it  was 
necessary  to  make  some  seasonal  modifications;  and  it  was  also  necessary 


to  ceit  sons  tests  on  wot  leaves  because  of  the  proximity  of  the  sample 


to  the  salt  window  of  the  Golay  Detector.  In  collecting  the  plant  speci¬ 


mens,  the  project  had  the  cooperation  of  the  New  fork  Botanical  Garden; 
and  they  vers  selected  as  they  wore  ev&ilahla  within  the  scops  of  ths 
suggestions  expressed  by  the  Contracting  Officer.  Ths  egedfcnas  which 


have  been  studied ’are  listed  in  TABLE  59 •Their  epsetru*  jjkjjfrt*  ere  shown 
eg  Figures  2-1  to  2-21  at  ths  end  of  the  report. 

terminations  at  different  t Inee  for  the  various 
specimens,  it  became  evident  that  there  were  varistiens  in  ths  refitetaha* 

of  leaves  of  ths  ssjm  branch  of  a  ires  j  bit  in  the  jjaM;©5  most  green 
leaves  this  refers  only  to  ths  region  below  3  microns, (Figures  2-1, 2-2, 2-8), 
At  wavelengths  beyond  3  microns,  those  differences  are  of  a  minor  order  . 

/3’ exception  to  this  was  the  pressed,  dormant  snple  leaf  wher©  there  vert 
eese  variations  beyond  4  microns  (Figure  2-5}  •  This  variation,  however, 
is  assumed  to  result  fres  variation#  in  the  pressure  applied  on  different 


si » 

UNCLASSIFIED 
In  making  tvo  d( 


42. 


\ 


TABLE  SSL. 


CONTRACT 

muioJL 

#  2  a 

#  2  b 


_ « K T/~* *  *  r  ~  r  nr n  wP EC i ru^*J 

_ h  a  ?  y,  b  i  a  T,  UN-^LAojIi  ART  KQ- 

YOUNG  WILLOW  LEAF  (  SALIX  FRAGILIS) , DRY  TOP  SIDE  FIG  2-2 


GREEN  MAPLE  LEAF  (ACER  HUbRUM, EASTERN  NORTH  AMERICA) 


WET  TOP  SIDE 


NOT  FEASIbLE 


#  2  c 


HOLLY  LEA?  DRY. (  ILEX  ALTACLARESSIS)  TOP  SIDE  FIG  2-3 

SAME  EOTTOM  SIDE  FIG  2-4 


#  2d  GREEN  MOUNTAIN  LAUREL  (  KALMIA  LATIFOLIA)  DRY  TOP  SIDE  FIG  2-1 


#  2  s 


GREEN  OAK  LEAF 


NOT  FEASIELE 


-#  2  f  GREEN  CONIFEROUS  TWIGS  (  JACK  PINE,FINUS  BANKSIANA), 

■  NORTHEASTERN  AMERICA  .  DRY 

#  2  g  SAME  WET 

#  2  h  PRESSED  DORMANT  MAPLE  LEAF  DRY  (ACER  HU BRUM) 

EASTERN  NORTH  AMERICA 

#21  OAK  LEAF, WINTER  COLOR, DRY, TOP  SIDS  (  QUERCUS  BOREALIS 

MAXIMA,  EASTERN  NORIK  AUEFICA) 

#  2  j  GRASS. DRY  (  MEADOW  FESCUE  ) 

#  2  k  SOIL  SAND  '§  IS  (  KAIH4MASU  SILT  LOAM, HAWAII) 

#  70  (  BARNES  FINE  SILT  LOAN,  S.D.) 

#  72  (  GOOCH  FINE  SILT  LOAM,  ORE.) 

•#89  (  VERSEtJXGXNG  ,  AFRICA) 

#  113  (  MAURI  SILT  LOAN,  TENS.) 

#  11? (  LUFLIS  CLAY  LO; J , CALIFORNIA) 

#  117  (  GRADY  SILT  LOAM,GEOI*1IA) 

#  lfi6(  FJbLSAN  LOAM,  S.M.) 

#  195 (  COLTS  NECK  LOAM,  N.J.) 

B  (  HE3XTA  HWRA-LOiTCR  TEST  SITE  ) 

#21  BARK:  RED  OAK  (  QUERCUS  BOREALIS  MAXIMA) 

EARS:  JACK  PINE  (  FINDS  EAHKSIANA  ) 

BARS:  COLORADO  SPRUCE  (  PINUS  P0SDEK08A  ) 


. 


FIG  2-7 
NOT  FEASIBLE 


■FIG  2-5 

FIG. 2-6 
FIG.  2-8 

FIG  2-9 

FIG. 2-10 
FIG. 2-11 
FIG. 2-12 
FIG. 2-13 
1*10.2-14 
KG,  2-16 
FIG. 2-15 
KG.  2-17 
FIG.2-1S 

FIG. 2-19 
FIG. 2-20 
FIG. 2-21 


. 


' 


. 


areas  of  the  leaf  surface  due  to  the  veins. 

Certain  differences  were  aloe  observed  on  different  specimens  of 
the  same  send  (Figures  2-9,  2-14) -  Gone  tests  were  made  to  determine  the 
reason  for  thisj  end  it  ves  found  that  this  is  caused  by  differences  in  the 
particle  size  distribution  in  different  samples  taken  from  e  sand.  This 
was  concluded  from  the  following  observations: 

1)  Different  sends  react  to  slight  differences  in  packing  of  the  sample 

to  a  different  degree  (See  Figures  20,  21,  22  in  the  Second  Technical  Report), 

2)  Sieving  a  sand,  that  is,  changing  its  particle  size  distribution,  also 
effects  its  reflectance* 


The  differences  were  in  the  percent  reflectance  in  certain  wavelength  ranges 
and  not  in  the  general  course  of  the  curve.  The  curve  ves  therefore  plotted 
as  the  uedivn  between  the  determinations, 

i 

'Tr*e  barks  of  trees  followed  the  esns  general  reflection  pattern  es 
the  leaves. 


Ma&euremante  wore  s»de  on  absorption  by  attaching  the  leaves  to 
the  entrance  slit  of  the  r?-  neehrenator.  Here,  the  transmitted  energy  Kps 
so  low  that  the  results  vers  within  the  error  limits  of  the  ineirumantj 
and  the  results  are  not  shown  in  the  Figures.  In  tha  ease  of  the  coniferous 
twigs  snd  barks,  it  was  not  possible  to  obtain  any  ueeobie  results. 

Table  59  shows  thet  msosuresante  on  wet  leaves  were  infeasible. 
This  was  because  the  distance  between  the  sample  end  the  salt  window  in 
the  Golay  Detector  is  only  one-sixteenth  of  on  inch  and  the  vetneso  migrt. 
easily  interfere  with  the  use  of  the.  salt  window. 


UNCLASSIFIED 
In  comparing  a 


comparing  all  the  reflection  spectra  of  tfaase  background  material? 


*****  w  .  •  <** 


with  the  prints  end  pigment  dispersions  in  Paragraphs  3  and  4  of  the  contrast, 
it  is  evident  thrt  there  background  spectre  do  not  correspond  to  any  of  the 
paints  on  polished  aluminum  because  of  the  high  reflection  pecks  of  the  paints 
on  aluminum  in  the  3  to  6  micron  region* 


jmiALCu,,H[)ENTIAL 

2.  THE  EFFECT  OF  PIGMENT  PARTICLE  SHAPE  ON  THE 


RESULTS, £HAUGSS.9iI  THE  INFRARED  REFLECTANCE  OF  A  CAMOUFLAGE  PAINT. 

SESttCuMFIBEiJ  1 IAL 

a .  INTRODUCTION 

Paint  chemists  have  brought  up  the  question  repeatedly  whether  or 
not  certain  pigment  particle  shapes  can  influence  the  water  penetration 
characteristics  of  en  applied  pigmented  paint*  It  has  been  pointed  out 
especially  that  piety  pigments  can  orientate  themselves  in  a  paint  film 
with  their  flat  surfaces  parallel  to  the  plaint  surface,  thus  forming 
a  moisture  barrier  in  the  paint*  In  this  respect,  piety  mica  has  been 
introduced  as  e  part  of  the  pigmentation  in  house  paints,  in  transformer 
coatings  and  in  other  applications e  It  was  therefore  of  Interest  to  study 
whether  or  not  the  particle  shape  of  pigments  in  general  will  have  en 
Influence  on  the  camouflage  characteristics  of  pigmented  paints  when  their 
reflectance  in  the  infrared  is  measured  in  dry,  In  wet,  and  In  recovered 


condition. 
b.WORS  PROGRAM  { 


MENTHI. 


SrS'H5‘T  ,iae  corrkrpct  provided,  therefore,  for  a  study  of  the  effect  of 
pigment  particle  shape  on  the  water  penetration  and  the  resulting  changes 
in  the  infrared  characteristics  of  a  camouflage  paint.  Hereby,  each 
selected  shape  was  used  as  1005?  pigment  in  the  vehicle;  end  the  paint  was 
applied  on  aluminum  and  on  black  background.  The  paints  vere  then  studied 
with  respect  to  their  infrared  characteristics  under  the  following 
conditions: 

a)  The  dry  paint. 

.  b)  The  paint  after  4  hrs.  water  inversion  .(increased  to  72  tars.}. 

c)  'The  Feint-  after  24  tars,  water  immersion  (increased  to  72  hrs) . 

d)  The  points  which  showed  the  greatest  resistance* to. water, iisRer'sicn 
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in  b)  end  c)  shcuia  he  immersec  exso  m  $a  iJaCa  for  24  hrr  v_fj^ 

spectral  reflectmce  curve  determined  Egrin* 

e)  All  immersed  panels  allowed  to  dry  ut  30°Co  for  24  hrs0  end 
then  tested  age in. 

f)  The  two  coatings  with  pigment  particle  shapes  showing  the  highest 
and  the  lowest  moisture  penetration  mixed  1:1  with  chromium  oxide  in  a 
coating  employing  the  seme  vehicle  as  used  tcfcre  and  the  costing  tested 
in  similar  manner  as  before* 

g)  The  two  pigments  of  different  particle  shape  which  shewed  the 
greatest  resistance  to  moisture  penetration  in  the  vehicle  used  befere  used 
again  as  10 Q%  pigment  content  in  a  second  vehicle  which  belongs  to  the  group 
of  water  emulsion  type  camouflage  prints. 

As  the  work  progressed,  it  became  evident  that  with  respect  to 
b)  and  c)  the  influence  of  the  4  hr.  and  the  <4  hr.  water  immersion  on  the 


reflectance  of  dried  paints  was  of  a  very  minor  order.  The  period  of  water 
immersion  was  increased  therefore  to  72  hrs.  With  respect  to  d)  test  results 
shoved  that  the  attack  of  the  salt  water  in  24  hr.  inversion  ves  not  as  great 
as  had  generally  been  expected. 

Furthermore,  it  bee sms  evident  that  it  is  not  enough  to  compare 

tvo  pigments  with  respect  to  their  particle  shape  alone.  Vhere  possible, 

pig&ents  under  comparison  should  be  of  similar  hiding  power  or  chemical 

. 

characteristics.  For  this  reason,  the  number  of  pigments  studied  vsg 


increased.  The  index  of  the  spectra  obtained  is  given  in  TAELS  60,  pages  48-50 


Thd‘  point  composition  is  given  in  TABLE  61,  pfges  51  end  52. 
c. DISCUSSION  OF  RESULTS 

££jf  ^  r>  •  pring  the  various  curves  tp  the  pigments  studied  under 
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TABLE  61. 


TEST  FAINTS  USED  IN  THIS  REPORT 


UNCLASSIFIED 


PAINT 


NUMBER 

PIGMENT  USED 

LbS/GAL. 

COMPOSITION 

1 

Acicular  red  ircn  oxide; 
Mapico  #516  df*rk. 

37.65 

120  parts  red  ircn  oxide. 

200  parts  ellcyd  resin  55?  solids 

Rezyl  resin  #337-5 

12C  parts  xvlene. 

2 

Spheroidal  red  iron  oxide: 43 *15 
Maple 0  red  #347. 

(Referred  to. vs  Iron 

Oxide  II.) 

120  parts  red  iron  oxide 

200  parts  slkyd  resin  55?  solids 

Rezyl  resin  #387-5 

100  parts  xylene. 

3 

Cubical  red  iron  oxide: 
Kepico  Red  110-2. 
(Referred  to  vs  Iron 
Oxide  I) 

41.98 

120  parts  red  iron  oxide 

200  parts  elkyd  resin  55?  solids 

Rezyl  resin  #3S7-5 

105  psrts  xylene* 

4  &  5 

lumbers-  oniitted. 

- 

6 

Chrome  Green  I; Vale 
green  A  4444  * " 

33.8 

97  parts  chrome  green. 

200  parts  elkyd  rosin  55?  solids 

Rezyl  resin  #387-5. 

90  parts  xylene. 

7 

Chrome  Green  II: Hudson 
green  A-701. 

33.8 

97  parte  chrome  green. 

200  parts  slkyd  resin  55?  solids 

Rezyl  resin  #387-5 

90  parts  xylene. 

s 

Aciculsr  Zinc  Oxide: 

XX  601. 

47.0 

132  parts  sine  oxide. 

200  parts  alkyd  resin  55?  solids 

Rezyl  resin  #587-5 

100  r  •  rt-s  xv’er.e.  .  . 

9 

Platv  vet  ground  mice 
325-sesh. 

23.49 

66  parts  mica 

200  parts  elkyd  resin  55?  solids 

Rezyl  resin  #387-5 

.115.  parts  xylene «_  _  _  :  __ 

10 

Hexagonal  aluminum  sili¬ 
cate.  AS?  100. 

21.5 

60.5  pts. aluminum  silicate 

200  parts  slkyd  rsein  55$  solids 

Rezyl  resin  #387-5- 
.86_psxts_xxl£m.  _  .  ...  . 

11 

Colored  titeniun 
dioxide  I (HP  S60-15.) 

estimate 

35.0 

99  ports  HP  860-15 

200  parts  slkyd  resin  55?  solids 

Rezyl  resin  #387-5. 

_ 25  certs  xylene. 

12 

Colored  titanium 
dioxide  II. (HP  860-13) 

35.0 

99  parts. HP  860-13 

200  parts  resin  55?  solids 

Rezyl  resin  #337. 

70  carts  xylene. 

{Continued  on  next  page) 
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PAINT 

MUKhF.R 

PIGMENT  USED 

T/.HLF  61  (Concluded.) 

Oi\CLASS  IF  IED 

uDS/G/L.  COMPOSITION 

13 

Colored  zir.c  oxide  I.- 

Y-17S4 

4&o0 

131  P*  rts  colored  zinc  oxide  I. 

<00  *£ rts  rlkvd  resin  55?  cellos 

Rezvl  'resin  ft 387 

85  or rts  xylene* 

- 

14  • 

Colored  zinc  oxide  11. 
D-31 

46.0 

101  ports  colored  zinc  oxide  II. 

154  parts  slkyd  resin  55?  solids 

Rezyl  resin  #387 

55  parts  xylene* 

% 

15 

Spheroid*.  1  zinc  oxide* 

*  ,x>:  503 

’47.0 

132  parts  zinc  oxide, 

100  p?rts  r Ikyd  resin  55?  solids. 

Rezyl  resin  #387 

100- parts  xylene. 

16 

Kexegonrl  white  lend* 

56.0 

156  ^zrts  hexFgom  1  white  l»rd« 

400  prrts  rlkyd  resin  55^  solids. 

Rezyl  ret  in  ^3S7 

* 

17 

Mixture  of  -  - 

Acxcuirr  zinc  oxide  XTfeQl 
end 

Chrome  oxide  X  112 A* 

66  parts  zinc  oxide  * 

49  parts  chrcne  oxide 
<00  parts  eikyd  resin  55?  solids 

Rezyl  resin  #3^7. 

r 

t 

1 

18 

Mixture  of 

Haxe^onei  white  lead 
tnd 

Chrcne  oxide  X  313/.  - 

79  ports  hexagonal  white  lead.  * 

49  parts  chroae  oxide. 

400  pert 5  nlkyd  resin  55?  solids 
.  Reavl  resin  if 337, 

3 

t 

19 

Cubic* 1  red  oxide  (110- 
irx  emuisifirbie  print, 

-4)41.93 

80  pr  rts  iron  oxide 

140  purts  f  ci’yiic  resin  enatisicn 

Ruoplex  AC-33) 

50  ,;srtz  v:  tar, 

r 

w 

'  40 

Hexagonal  vnite  lecd 
ia  einulcific  tie  point, 

56.0 

1 

94  parts  hexctcnel  white  lend, 

141  parts  acrylic  resin  emulsion 

Rhopiex  AC-33) 

40  jrrts  wrier. 

*  Mixed  50:  5C  *7  volws*. 
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the  reflectance  of  the  fcac. 


f-3cr'  ;T— 

r *  * 


kground  in  i  ill  i 


fully  the  differences  in  the  - -  - 0 - 

r’  Uk'Jia 

range  to  7  microns,  In  nil  cases  the  reflectance  on  aluminum  Vos'  greeter 


than  the  reflectance  on  black.  It  is  especially  clear  that  none  of  the  paints 
was  capable  of  eliminating  the  higher  reflectance  area  between  3.5  end  5.8 
microns  on  polished  aluminum. 

The  differences  between  the  pigment  groups  are  summarised  ae 


follows : 

(1)  Spheroidal  red  iron  oxide  and  spheroidal  cine  oxide  II  on  aluminum 
and  on  bl8ck  (FIGURES  3-1  to  3-4):  In  all  tests  for  the  dry  peintr,  the  paints 
after  72  hrs.  vets?  isnersion,  and  fc?  the  recovered  paints  after  24  hrs. 

air  drying,  the  variations  caused  by  the  voter  ianercion  were  of  minor  order. 

(2)  Hexagonal  aluminum  silicate  (  a  pigment  extender  without  any  practical 
hiding  power}  and  hexagonal  vhite  lead  (  a  pigment  heving  a  high  degree  of 
hiding  power)  (FIGURES  3-5  to  3-8).*  The  water  penetration  effect  on  the  diffuse 
reflectance  curves  was  of  minor  order.  However,  the  greet  difference  in 
hiding  power  of  those  two  pigments  is  evident  from  the  fast  that  the  alkyd 
paint  with  altusirroa  silicate  on  aluminum  has  such  a  high  specular  rsfloctance, 
which  is  caused  from,  the  reflectance  of  the  aluminum  background,  that  the 
correction  factor  for  specular  surfaces  (based  on  the  rhodium  mirror)  was 
.applied.  With  the  white  lead  pigmented  paints,  the  diffuse  reflection  factor 
was  used. 

(3)  Piety  mice  extender  (FIGURES  3-9  end  3-10)*  The  hiding  power  of  this 
material  was  of  such  a  low  order  that  the  specular  correction  factor  had  to 

applied.  The  glaty  mica  end  the  hexagonal  aluminum  silicate  behaved 
differently  from  the  other  pigments  in  that  they  showed  practically  no  hiding 
pover.  It  is  to  be  pointed  cut  that  the  hexagonal  aluminum  silicate  has  a 


vf  i  so  gr-sr.t  thc-t  17  hr 3*  iraraerrion  ir.  vf ter  did  not  produce  difference?  in 


t  ie  reflectance  cf  the  tvc  immersed  t:  ints_ 

(4)  /cicu.l/ir  iron  ox  is?  ca*i  rcicj.hr  :*inc  . ::i i c  I.  (F 


wu  ■  — 


-11  to  3-14) i 


fheoe  pigsus'ts  and  the  cubicr  1  pigu:  -ts  tasted  shewed  gre*  Ur  effect  of  th<* 
v;  ter  icaeril-'r  .  tie  reflectance  spectre  than  the  pigments  of  (l),  (2),  rad 
(3),  especial!;  when  ter ted  cn  polished  aluminum.  With  ecicular  iron  oxide, 
the  recoversc  print  appears  as  &  lowered  reflectance  in  the  1»5  to  2.7  micron 
i  res  where  iu  crops  from  ebout  £0%  reflectance  to  about  60%;.  fnd  in  the  4  to 
micrcr.  region  it  drops  from  about  65%  reflectsr.ee 'to  stout  50%.  Between  2*9 
-nd  3*2  microns  and  5*7  and  7*0  microns,  the  reflectance  remained  unchanged. 
The  ecicular  cine  oxide  II  on  aluminum  shows  a-  flattening  of  the  reflectance 
peaks  below  2*7  microns,  but  the  recovery  characteristics  around  4  and  5 
microns  are  considerably  tetter  then  for  the  roicular  iron  oxide. 

(5)  Cubical  iron  oxide  (FIGURES  3-15  ana  3-16):  This  pigment  shewed  the 
greatest  change  between  the  dry  and  the  wet  paint  of  any  of  the  pigments 
which  were  studied*  Tne  dry  paint  had  a  large  reflection  peak  between  3-3 
and  5.3  microns  which  reached  its  maximum  &t  4*9  microns.  .After  72  hrs, 
water  immersion,  this  pc  was  not  there;  but  it  appeared  again  efter  the 
paint  was  dried  for  24  hrs.as  a  lower  peak.  Ti°  peak  dropped  from  77 % 
reflectance  for  the  dry  ptint  before  water  immersion  to  62%  reflectance  for 
the  recovered  paint. 
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(6)  Mixed  pigments:  flie^cbKircicxf  pTerAaea  that  on  ,  i 


group  which  shows  considerrble  voter  effect  end  one  pigment  which  shows  little 
effect  from  voter  should  be  nixed  with  chromium  oxide  end  used  es  mixed 
pigmentation*  For  this,  aciculer  zinc  oxide  ves  selected  as  being  most 
affected  by  moisture \  end  hexagonal  white  lead  was  selected  es  being  least 
affected  by  moisture  penetration  In  this  selection,  only  pigments  cf 
good  hiding  power  were  considered=The  curves  are  shown  in  FIGURES  3-17  to  3-20) 
The  acicular  zinc  oxide  with  chromium  oxide  and  elkyd  binder  shews  e  drop 
in  reflectance  between  4*5  and  5*2  microns  frem  £0%  for  the  dry  paint  to 
about  70%  for  the  paint  rft^r  72  hrs*  water  immersion*.  The  recovered  paint 
shows  62%  reflectance  in  the  same  wavelength  region*.  The  hexagonal  white- 


lead  with  chromium  oxide  end  elkyd  binder  shows  negligible  variation  in 
reflectance*  The  paints  on  black  background  show  less  variation  in  these 
tests  then  the  paints  on  polished  aluminum* 

(7)  Acrylic  resin  emulsion  paints; The  reflectance  levels  are  lower 
for  these  prints  than  for  the  ether  paints  studied;  rnd  therefore  the 
differences  in  reflectance  were  less  evident*  (FIGURES  3-21  to  3-24)* 
Nevertheless,  the  cubical  iron  oxide. in  acrylic  resin  emulsion  dropped  in 
reflectance  in  the  wavelength  region  between  4*5  and  5*5  from  ercund  50% 
to  40%  reflectance*  The  reflectance  cf  the  wet  paint  was  lover  and  did 
not  show  greater  reflectance  after  24  brs.  drying  *  In  the  case  of  hexagonal 
white  lead  in  scrylic  resin  eculsion,  the  hiding  power  in  this'  region  is  so 
great  that  the  reflectance  on  aluminum  remained  below  21%  beyond  3*2  microns* 
This  paint  loses  reflectance  during  immersion  and  recovery  in  itat  1*0  to  2.0 

alcron  region  where  the  saxieoia  reflectance  drops  from  about  75%  to  below  70%. 

gggHBKBj  y  ■*? 

Generally,  the  emulsion  paints  tested  were  affected  very  little  in  their 
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reflectance  spectra  by  the  72  hr*  Immersion  test.  |f^|p  “  fy  p^r***^ 

— ' -  CONFIDENTIAL 

r-  ^^j-The  study  ol  the  effect  cf  pigment  pcrticle  shrpe  on  we  ter  penetration 
and  the  resulting  changes  in  the  infrared  reflectance  of  a  camouflage  paint 
has  shewn; 

e)  That  reflectance  measurements  can  be  used  in  comparing  the  effect  of 
water  immersion  on  paints* 

b)  That  the  water  resistance  of  the  paints  diffsrsd  with  different 
particle  shapes. 

Since  these  studies  hod  to  be  made  on  paints  on  aluminum  or  some 
other  sclid  base,  it  was  not  possible  to  measure  in  these  esses  the  changes 
in  absorption  also*  because  the  painted  panels  were  not  suitable  for  use 
as  absorption  samples  in  the  Ferkin-Eimer  Spectrometer,  Soma  studies  on 
absorption  were  made  on  free  paint  films  (See  pages  62  ff.  )$  bit  it  was 
found  that  paints  having  the  high  pigment  /volume  concentration  required 
in  these  studies  at  the  required  film  thickness  of  1  mil  have  ho  little 
transmission  (in  the  case  cf  any  of  the  hiding  pigments  tested)  that  the 
variations  caused  by  water  immersion  and  recovery  would  fall  within  the 
limits  of  error  of  the  instrument* 

To  obtain  absorption  spectra  of  unsupported  films!  vary  thin  one- 
coat  paint  films  had  to  be  selected  where  it  is  difficult  to  insure  sny 

i 

variations  in  f iia-thi ckne r s  between  different  areas  of  the  film.  Since 

the  reflection  spectra  showed  the  water  immersion  effect,  the  feet  that 

. 

tka  parallel  absorption  studies  were  infer sibla  in  these  cases  was  felt  to 


ba  of  no  specific  importance. 
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That  the  paints  on  black  background  showed  less  effect  than  on  • 
slusinua  is  their  infrared  reflectance  is  discussed  on  pagt  61  , 
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UNCLASS  lr  IED 

4  A  .HIDING  POVER  AND  EFFECTIVE  REFLECTANCE  OF  PIGMENTS  AND  PAINTS. 

u  . JLASS  IF  JED 

1*.  STATEMENT  OF  THE  PROBLEM 

As  origins lly  plnnned  the  program  included  a  study  of  the  relation¬ 
ship  between  the  index  of  refraction  ,  the  hiding  power, and  the  reflection 
characteristics  of  certain  pigments  and  paints  as  a  function  of  wavelength. 

A  thorough  investigation  reveeled  no  practical  or  eccurate  method  for  the 
determination  of  the  index  of  refraction  of  the  dark  pigments,  especially 
in  the  infrared  region  of  the  spectrum.  As  a  result  only  the  hiding  power 
of  the  paints  end  pigments  was  studied. 

In  industiy  the  hiding  power  of  a  paint  is  meeeured  in  the  visible 
range  only  end  the  reflectance  of  an  applied  paint  on  a  white  background 
and  on  a  bieek  background  is  determined  in  one  specific  angle  only.  As  p 
light  source  a  lamp  of  a  wide  wavelength  range  is  used  end  no  effort  is 
mad#  to  select  one  limited  wavelength  range  for  a  measurement.  From  the 
measurement  of  ths  reflectance  ca  white  background  and  on  black  background, 
the  hiding  power  is  determined -as 

g7.gr— x  100. 

Percent  Pjeflactanca  ever  ¥hito. 

During  the  current  study  the  hiding  povsr  of  the  piguants  and  paints 
was  studied  in  a  similes*  manner  except  that  a  substance  of  high  reflectance 
in  the  far  infrared  was  selected.  Since  whits  paint  has  a  low  infrared 
reflectance  at  the  longer  wavelengths,  polished  aluminum  was  used  as  one 
background  material.  A  black  paint  was  used  for  the  black  background. 

The  contract  required  that  the  studies  should  be  made  on 
e)  Two  colored  zinc  oxides  having  different  hiding  power. 

- 

b)  Two  chrome  greens  having  different  hiding  power. 

c)  Two  iron  oxides  having  different  hiding  power. 


t 

d)  Two  colored  titanium  dioxides  having  different  hiding  powerc 

e)  One  paint .using  the  seme  vehicle  for  each  of  these  pigments. 

2.  EXPEiUMENTAL.  UNCLASSIFIED 

The  pigments  which  were  selected  are  listed  in  TABLE  c2  .  The  zinc  oxides 
and  the  titanium  dioxides  were  selected  from  knowledge  about  their  general 
hiding  characteristics  obtained  under  the  previous  contract  with  the  Sponsor. 
The  chrome  greens  and  the  iron  oxides  were  selected  as  examples  of  their 
groups  having  different  hiding  power, according  to  information  from  their 
manufacturers.  The  work  consisted,  therefore,  in  first  studying  the 
reflectance  of  the  eight  pigments  in  the  infrared  range  to  15  microns,  and 
then  preparing  paints  of  the  same  cigment/vcTu me  concentration  and  applying 
them  in  a  thickness  of  1  nil  on  polished  aluminum  and  on  a  black  undercoat. 

After  making  these  determinations,  the  reflectance  values  obtained 
using  the  correction  factors  for  diffusely  reflecting  surfaces  had  to  be 
calculated  in  the  point-by-point  application.  of  the  equation: 

Hiding  Power  -  -  x  100. 

Percent  Reflectance  over  Aluminum. 

Since  the  change  from  the  Perkin-Elser  I-fedel  12-C  to  the  Model  112 
Spectrometer  had  bee eras  necessary  during  the  work,  this  report  gives  the 
spectra  charts  which  were  determined  with  each  of  these  instruments.  Also, 
the  rhodium  mirror  standard  was  replaced  by  the  new  sulfur  standard  for 
diffusely  reflecting  surfaces  during  the  course  of  the  work. 

In  the  curves  presented  in  this  report,  all  measurements  which 
were  were  made  with  the  single-pass  Model  12-e  are  calculated  with  the 
rhodium  mirror  correction  factor.  The  measurements  made  with  the  single-beam, 
double-pass  Model  112  were  calculated  using  the  correction  factor  for  diffusely 
reflecting  surfaces.  The  calculations  of  the  ratio  between  the  reflectance  cf 
the  paints  on  black  to  that  on  polished  aluminum  were  based  on  the  measurements 


TAbLE  62..  UNCLASS  Ir  1-lD 

INDEX  TO  THE  CHARTS  OF  THE  PIGMENTS  AND  PAINTS  TESTED  UNDER  PARA-GRAPH 

SINGLE  PASS  INSTRU-  DOUELE  PASS  INSTRU¬ 
MENT  AND  SPECULAR  M El'll  AND  DIFFUSE 

PIGMENTS; _  CORRECTION  FACTOR  CORRECTION  FACTOR. 

COsORLD  LIN C  OXIDE  I  (Y-1784)  FIGURE  4-1  FIGURE  4-9 

COLORED  ZINC  OXIDE  II  (D-31)  FIGURE  4-2  FIGURE  4-10 

CHROME  GREEN  I  (  A  4444)  FIGURE  4-3  FIGURE  4-11 

CHROME  GREEN  II  (A  701)  FIGURE  4-4  ■  FIGURE  4-12 

SYNTHETIC  IRON  OXIDE  I 

(MAPICO  RED  110-2)  FIGURE  4-5  FIGURE  4-13 

SYNTHETIC  IRON  OXIDE  II 

(MAPICO  RED  347)  FIGURE  4-6  FIGURE  4-14 

COLORED  TITANIUM  DI0XIDEI(KP360-15)  FIGURE  4-7  FIGURE  4-15 

COLORED  TITANIUM  DIOXIDE -II ' 

’  (KP  360-13)  FIGURE  4-3  FIGURE  4-16 


PAINTS; 

COLORED  ZINC  OXIDE  I  (PAINT  #13) 

ON  BLACK  FIGURE  4-17  FIGURE  4-33 

ON  ALUMINUM  FIGURE  4-18  FIGURE  4-34 

COLORED  ZINC  OXIDE  II  (PAINT  #14) 

ON  BLACK  FIGURE  4-19  FIGURE  4-35 

ON  ALUMINUM  FIGURE  4-20  FIGURE  4-36 

CHROME  GREEN  I  (PAINT  #6) 

ON  BLACK  FIGURE  4-21  FIGURE  4-37 

ON  ALUMINUM  FIGURE  4-22  FIGURE  4-38 

CHROME  GREEN  II  (PAINT  #7) 

ON  BLACK  FIGURE  4-23  FIGURE  4-39 

ON  ALUMINUM  FIGURE  4-24  FIGURE  4-40 

IRON  OXIDE  I  (PAINT  #3) 

ON  BLACK  FIGURE  4-25  FIGURE  4-41 

Oil  ALUMINUM  FIGURE  4-26  FIGURE  4-42 

IRON  OXIDE  II  (PAINT  #2) 

03  BLACK  FIGURE  4-27  FIGURE  4-43 

ON  ALUMINUM  FIGURE  4-28  FIGURE  4-44 

COLORED  TITANIUM  DIOXIDE  I (PAINT  #11) 

ON  BLACK  FIGURE  4-29  FIGURE  4-45 

ON  ALUMINUM  FIGURE  4-30  FIGURE  4-46 

COLORED  TITANIUM  DIOXIDE  Il(?AINT  #12} 

ON  BLACK  FIGURE  4-31  FIGURE  4-47 

ON  ALUMINUM  FIGURE  4-32  FIGURE  4-4S 

RATIOS  BETWEEN  REFLECTANCE  ON  BLACK  AND  CN  ALUMINUM  (BIDING  POWER) : 

COLORED  ZINC  OXIDE  I  (Y-1784)  FIGURE  4-49 

COLORED  ZINC  OXIDE  II  (D-31)  FIGURE  4-50 

CHROME  GREEN  I  (A  4444)  -  FIGURE  4-51 

CHROME  GREEN  II  (A  701) - - - FIGURE  4-52 

SYNTHETIC  IRON  OXIDE  l(RED  110-2)  -  FIGURE  4-53 

SYNTHETIC  IRON  OXIDE  II  (RED  347) - FIGURE  4-54 


(Continued  on  next  psge) 
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TABLE  62.  (Contlnuodjj [sjCI  ASS  lr  IEl) 

INDEX  TO  THE  CHARTS  CF  THE  PIGMENTS  AND  PAINTS  TESTED  UNDER  PARAGRAPH  ^ 

SINGLE  PASS  INSTRU-  DOUBLE  PASS  INSTRU¬ 
MENT  AND  SPECULAR  MENT  AND  DIFFUSE 

CORRECTION  FACTOR  CORRECTION  FACTOR. 

RATIOS  BETWEEN  REFLECTANCE  ON  BLACK  AND  ON  A^UMILTJM  (HIDING  POVFR)  (CONT1  D) : 

COLORED  TITANIUM  DIOXIDE  I  (MP  360-15) - - FIGURE  4-55 

COLORED  TITANIUM  DIOXIDE  II  (MP  860-13)  -  FIGURE  4-56 


TRANSMISSION  MEASUREMENTS  ON  THIN  FREE  FILMS  OF 

COLORED  ZINC  OXIDE  I  (PAINT  #13)  - 

COLORED  ZINC  OXIDE  II  (PAINT  #14)  - 

CHROME  GREEN  I  (PAINT  #6)  - 

CHROME  GREEN  II  (PAINT  #7)  - 

IRON  OXIDE  I  (PAINT  #3)  -  -  ' - - 

IRON  OXIDE  II  (PAINT  #2) - '  - - 

COLORED  TITANIUM  DIOXIDE  I  (PAINT  #11)  - 

•COLORED  TITANIUM  DIOXIDE  II  (PAINT  #12) - 


THE  IFST  PAINTS:  • 

-  FIGURE  T-l 

-  FIGURE  T-2 

-  FIGURE  T-3 

-  FIGURE  T-4 

-  FIGURE  T-5 

- FIGURE  T-6 

- -FIGURE  T-7 

-  -  -  -  -  -FIGURE  T-S 
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with  the  new  Model  112  using  the  new  corr£ctTh:i  ffcctor  Tor  d.  f|T  .v 

•  ■  £  ufCfcetSl 

reflecting* surfaces  only.  The  spectre  ere  presented  es  FIGURES  4-1  to  4-43 

q--  r I*  Comparing  the  reflection  spectre  of  two  pigment  types,  each  based 
cn  the  curve  obtained  with  the  seme  instrument  end  using  the  same  correction 
factor,  group  by  group,  there  is  no  indication  that  one  type  of  pigment  which 
has  e  greater  hiding  power  in  the  visible  range  than  another  pigment 
necessarily  has  a  greater  hiding  power  in  the  infrared  also.  Where  there  are 
differences,  such  as  between  colored  sine  oxide  I  (Figure  4-9)  and  colored 
sine  oxide  II  (Figure  4-10),  these  differences  night  just  as  well  be  caused 
by  chemical* differences  between  the  two  pigments.  In  the  case  of  iron  oxide  I 
(Figure  4-13)  and  iron  oxide  II  (Figure  4-14),  the  two  pigments  have 
comparable  chemical  characteristics  but  have  different  pigment  particle  shspe 
(cubical  and  spheroidal),  end  the  influence  of  these  factors  might  veil 
influence  the  spectrum  differences  as  veil. 

Studying  the  paints  based  on  different  pigments  of  conpereble  shade 
but  different  visible  hiding  power,  tho  effective  hiding  power  appears  clearly 
rs  a  difference  in  the  degree  to  which  the  point  background  (aluminum  or  block) 
will  show  through.  The  study  clearly  chows  that  normal  paint  thicknesses  are 
quite  transparent  to  different  infrared  wavelengths.  For  instance,  comparing 
the  intensity  of  reflection  on  aluminum  at  4«S  xaicrons,  zinc  oxide  I  paint 
(Figure  4-34)  has  about  50?  higher  reflectance  than  zinc  oxide  II  (Figure  4-36). 
Since  this  reflection  peak  is  not  visible  on  black,  this  difference  is  a  result 
of  the  difference  in  hiding  power,  at  least  at  this  wavelength.  That  is,  xinc 
oxide  II  has  twice  the  capacity  to  cover  the  aluminum  as  zinc  oxide  I.  Similar 
calculations  show  the  same  to  be  true  on  other  points  of  the  spectrum. 


COMF1  OF  NILA! 

The  same  approE-on  Vra*  be  *irsefc-£n  ihV  5#ae  vrv^  .p  e$  TO- 

•  — ^  >r~  £.  t*  wb— “ 

paints  besed  on  the  tvo  iron  oxides  and  applied  on  elumbhuL.'  In  both 

i 

investigations,  the  reflectance  at  4.5  microns  is  epprcximr tely  20%  lover 
in  the  case  cf  Iron  Oxiae  I  paint  (cubical)  than  with  Iren  Oxide  II  paint 
(spheroidal) «  That  is,  Iren  Oxide  I  has  20%  more  power  to  cover  the  reflec- 
■  -  tic n  of  the  aluminum  than  Iron  Oxide  ’II  (Figures  4r42  and  4-44).  Likewise, 

Titanium  Dioxide.  I  paint  at  the  wavelength  of  4-3  micx'ons  has  in  both 
studies  between  20%  and  -22%  more  capacity  to  cover  the  aluminum  than  the 
Colored  Titanium  Dioxide  II  (Figures  4-46  end  4-43) * 

Thus  different  pigments  may  be  compared  by  comparing  the  aluminum 
coverage  of  their  paints  at  the  seme  wavelength  point,  such  as  4.3  microns 

4 

or  other  specific  points.  This  method  cf  measuring  the  reflectance, 
wavelength  by  wavelength,  on  a  highly  reflecting  background  appears  to  be  a 
better  expression  of  hiding  power  than  the  ratio  figure  for  the  visible 
-  region.  These  ratios  have  been  determined  up  to  15  microns  and  are  shown 

* 

I 

in  HGUKES  4-49  to  4-56.  This  ratio  depends  on  the  presence  of  lines  in 
the  spectrum  of  the  paint  either  on  aluminum  or  on  black;  end  this  causes 
variations  between  different  curve  points}  but  the  curves  show  that  the 

* 

often  expressed  assumption  cf  a  drop  in  hiding  power  before  3  microns 
*  is  not  necessarily  true  for  the  rest  of  the  Infrared  spectrum.  The 

calculated  ratio  curves  of  Figures  4-49  to  4-56  show  good  agreement  with 

;  l  f  ■  \  ■  -  *"W  r-'-  •  V*-  ’  : 

independent  studies  on  the  transmission  of  unsupported  f lias  prepared 

from  the  same  paints. 

B .TRANSMISSION  STUDIES  ON  UNSUPPORTED  PAINT  FILMS. 

LAoS determine  the  transmission  of  a.  paint  film  independent 


of  a  supporting  base  the  following  method  was  used: 


CQNFiDENTIAl 


. ,*  nppfty 


U-— ASSjrlED  jQjTjVj  [|$| 

1)  Efch  of  the  paints  of  Paragraph  4  oi  the’ contra c  a  n 

t  t  a- 

a  film  thickness  of  approx.  1  nil  on  the  gunned  surface  ox  crown Irntned 
paper ^ which  was  counted  cn  a  glass  panel  in  such  a  manner  that  it  covered 
the  glass  on  ell  sides.  In  this  manner  the  paint  could  not  run  to  the 

uncoated  side  of  the  paper. 

UNCLASS  It-  Ic.D 

2)  The  paint  cn  the  brown  paper  vaB  then  dried  in  en  oven  at  50°C. 
end  then  at  ?0°C.  for  30  min. 

UNCLASSIFIED 

3)  The  paper  vas  then  removed  from  the  glass  and  cut  into  Btripa  which 
were  icaereed  in  lukewarm  water. 

UNCLASSIFIED 

4)  After  the  water  hes  penetrated  the  paper  to  the  film,  the  fils 
loses  its  adherence  to  the  paper;  and  the  films  were  than  washed  fre8  of 
any  remaining, trgcp c  al£  vum  with  water  and  soft  cotton. 

UNCLASSIFIED 

5)  Tbs  paint  films  w  re  then  suspended  and  allowed  to  dry  over  right  , 

UNCLASS  IF  SLD 

6}  The  film  could  then  bo  used  in  testa  by  attaching  it  directly  to  the 
-entrance  slit  of  the  none  car  eta  tor  and  the  transmitted  ‘radiation  measured. 

When  the  fils  thickness  of  1  rail  was  used  in  the  tests,  the 
tr&n£"*d.50ioa  spectra  refined  co  low  that  it  was  generally  within  the  limits 
of  error  for  the  instrumentation.  In  order  to  get  a  measurable  degree  of 
transmission,  other  films  were  prepared'  using  point  which  was  thinnsdi  and 
in  this  manner  a  very  thin  paint  film  vas  ob-tained.  Sine#  in  these  thin 
layers,  any  difference  in  film  thicknssa  on  different  points  of  the  fils 
would  amount  to  a  considerable  percentage  of  the  total  film  thickness,  an 
attempt  was  made  to  epply  e  second  thin  ccat  over  the  first  coat  after  it 
had  dried.  Those  specimens  were  narked  in  the  curves  as  one-coat  or  two- 
coat  films  (Figures  T-l  to  T-3) .  Her®,  also,tho  tvo-coat  films  have  e  very 

-V-  -  •  r-  .  „ 

low  transmission!  nevertheless.  Titanium  Dioxide  II  (Paint  #12)  had  to  be 


jrarin* 


CONFIDENTIAL 


CONFIDENTIAL'  or’r  ft 

n  (Figure  T-3), since  the  one-cct  „  ^a 


shown  &s  a  two-coat  film  (Figure  T-3) .since  the  one-cci^  .  npj  have 

enough  strength  to  be  removed  from  the  gummed  paper  end  handled  as  an 
unsupported  film* 

no*"",  ore  1  T  rr  ■?+■  V^r  «;  f  ai  4-Via  i  -t  «  ^  a  #  ^  »*  »  Xb.  — .  4^1  ^  M  •—  1  •• 

j  -*-w  tiwu  ww  w  fc*  w.  i  u  .*.».*  ucw  ui.u^  uilO  ^  X  *  i  O  XX  J  Ui  XIX 

e  film  thickness  of  1  mil,  the  measurable  transmission  for  the  instrument 
beam  is  extremely  low  end  remains  within  the  limits  cf  error  for  the 
Perkin-FLlmer  Spectrometer  even  with  the  use  of  the  Stupekoff  Glower  with 
its  high  energy  .  This  is  in  agreement  with  cur  attempts  to  measure  the 
transmission  through  natural  films  such  C3  green  leaves,  grass  or  "berk. 

The  vary  thin  paint  films  which  were  prepared  vexe  tested  for 
their  trsarmiesicn  and  the  results  were  compared  with  the  hiding  power 
curves  which  had  been  obtained  by  calculating  the  reflection  spectra  of 
the  same  paints  in  1  mil  thickness  ober  black  end  over  polished  aluminum* 

£WiiH  -  WW  ms.  m  mnm  mm 

t  rC-PStn  of'  the  fact  that  wording  with  niy  thin  .files  can  cause 

considerable  variation  in  fills  thickness  end  therefore  in  transmission,  the 

9 

differences  is  two  test  runs  on  two  different  spots  of  the  film  were  quite 
close  in  this  stud?. 

In  ccrparing  the  transmission  curve  of  Zinc  Oxide  I  (Figure  T-l) 
with  the  hiding  power  curve  (Figure  4-49}  for  the  sane  material  obtained 
by  determining  the  ratio  of  the  reflection  on  black  and  on  elusinun. 
multiplied  by  100,  the  following  results  were  found: 

VAVELFHGTH  ; _  B1PM6  POWER  TRAK3HISSI0S 


i;  .  £:\-. .  ‘ 

i 

3.0  to  5.5  microns 

High 

i  ’  ;/ ...  ’  i  -  . 

Low 

5.5  to  6.0  microns 

High 

Low 

% 

Around  9.0  Bicrons 

High 

Low 

*■ 

Around  12  microns 

Low 

r  --  ;  fr 

Increased 

CONFIDENTIAL 


The  Red  Iron  Gxid 


COaFipEHiSaL 

e  r  shows  less  transmission  (Fj 


f.Twrr>i 

-  A 


indicated  by  the  drop  in  hiding  power  at  around  3*0  microns  to  5  microns 
(Figure  4-53)  end  again  around  12. 0  microns.  This  must  be  caused  by  the 
slightly  thicker  one-ccat  film. 

The  agreement  between  the  calculated  hiding  power  curves  (Figures 
4-51  and  4-52)  and  the  measured  transmission  curves  for  the  chrome  greens 
(Figures  T-3  and  4)  is  also  close,  as  shown  below: 

_ WAVELENGTH _  *  HIDING  POWER  TRANSMISSION 

2.0  to  6.0  microns  Low  ■  Increased 

6.5  to  13.0  microns  High  _  Low 

13  to  15  microns  Low  Increased  . 

Again  the  comparison  between  the  hiding  power  and  the  transmission  curves 
show  how  much  the  transmission  reading  of  such  thin  films  very  with  slight 
variations  in  film  thickness,  which  can  net  be  controlled  at  this  tire. 

The  Colored  Titanium  Dioxide  I  (Figures  T-7  and  4-55)  shows  the 
following  characteristics: 

WAVELENGTH _  HIDING  POWER  TRANSMISSION 

3.5  to  7.0  microns  Low  High 


13  to  15  microns 


High 


iX>W 


This  manner  of  agreement  between  two  different  end  independent 

methods  of  determination  confirms  the  finding  that  the  hiding  power  of  these 

pigments  ana  paints  is  not  of  a  constant  low  order,  os  had  often  bean  assumed 
’  -  ■  ■'  1  ■  - 

for  the  infrared  region j  and  that  tho  hiding  power  of  pigments  and  paints  is 

definitely  a  function  of  wavelength  end  must  be  considered  for  camouflage 
purposes. 
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CONFIDED  UAL 

IV,  CONCLUSIONS 

The  following  conclusions  mrv  be  made  from  u*6¥k  on  the  project: 

U  CLASSIFIED 

1)  A  satisfactory  instrument  together  with  a  method  has  been  developed 
for  the  measurement  end  ev/lurticn  of  the  infrared  reflectrnce  of  camouflage 
materials • 

UNCLASSIFIED 

2)  A  new  standard  for  comparing  its  infrared  reflectance  with  that  of 
diffusely  reflecting  crmoufl&ge  materials  has  been  developed a  It  is  a 
finely  divided  fora  of  Mu  sulfur  and  is  to  be  present  to  at  least  rbcut  30?  or 
more  in  the  test  specimen  of  the  finely,  divided  sulfur  used.  Two  sulfur a  have 
been  used  successfully,  one  being  Flowers  6f  Sulfur  (with  about  30?  Mu  fora), 
the  other  being  a  vaporised  and  quenched  sulfur  (with  85?  -93?  Mu  form) « 

■UNCLASS  fF  TED 

3)  The  water  penetration  of  camouflage  prints  of  the  elkyd  and  emulsion 
types  is  dependent  upon  the  pigment  selection  and  upon  the  pigment  particle 
shape, 

UNCLASSIFIED 

4)  Generally  the  spheroidal,  hexagonal  and  piety  pigments  shoved  higher 
resistance  to  water  penetration  than  the  eciculrr  md  cubical  shapes. 

UNCLASSIFIED 

5)  The  effect  of  water  immersion  of  4  to  24  hrs*  had  very  little  effect 
on  the  reflection  spectrum  of  elkyd  resin  and  of  acrylic  resin  emulsion 
paints.  Only  a  slight  lowering  In  reflectance  was  noted  after  72  hrs«  of 

te",”feer  (PfiDENTlAL 

6}  The  hiding  power  of  camouflage  pigments  and  peints- tested  is  definitely 
a  function  of  wavelength  End  must  be  considered  so  for  ccmouflege  purposes  in 
the  infrared  to_ 15,  microns. 

~  .ohsct  mmmmi 

'7rGZ~™Tore'Si' accomplished  complete  hiding  when  applied  in 
approx.  1  ail  dry  film  thickness  on  e  highly  reflecting  pluminum  surface 
and  tested  in  ell  infrared  wavelengths  to  15  microns. 
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CONFIDENTIAL 


S)  Very  lew  reflectance  in  the  infrared  region,  especially  beyond 
3  microns,  cen  be  achieved  by  applying  camouflage  prints  over  a  black 
primer  which  will  oppres ch  the  lew  reflecting  characteristics  of  most 
background  materials  beyond  3  or  4  microns. 
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It  is  recommended  that 

U  VCLASS  IF  i£D 

1)  The  informs tion  contained  in  the  reports  of.  this  contract  be 

used  as  a  basis  for  camouflage  our noses  in  the  infrared  rericn-  of  the  spectrum* 

UNCLASS  IF  I  ED  * 

2)  Censidera tion  be  riven  to  a  tvc-ccrt  system  where  feasible  in  order 
to  utilise  the  transparency  in  the  infrared  region  of  the  cuter  camouflage 

ccpting.  UNCLASSIFIED 

3)  Primer  materials  be  utilized  which  combine  good  rust  inhibiting 
qualities  with  the  desired  infrared  reflecting  characteristics* 


67.0- 


SUPPLIERS 


UNCLAS3  l.~ 


PIGMENTS  USED 

SUPPLIER' S  DESIGNATION 

SUPPLIER 

RED  SYNTHETIC  IRON  OKIE 

r 

Aciculer 

#516  dp rk. 

Columbian  Crrbon  Co,,  Mrpicc 

Color  Division,Trenton,N.J. 

S^V,  pr'nj.dr  1. 

^34/ 

Same. 

Cubical 

#110-2 

c - - 

ut  wC  « 

CHROME  GREEN 

. 

I.Vele  Green 

#A  4444 

Imperial  Paper  end  Color  Corp. 

Pigment  Color  -Division 

Glens  Falls,  N.Y. 

II. Hudson  Green 

#A-701 

Same. 

/.INC  OXIDE  (WHITE) 

— 

Aciculcr  type 

XX  601 

New  Jersey  Zinc  Co. , Palmer ton, 

Spheroidal  type 

XX  TO 3 

Pe. 

w.  waCS  . 

PLATY  WET  GROUND  MICA 

325-ireGh 

The  English  Mica  Co. , Stamford, 

HEXAGONAL  ALUMINUM  SILI 

CATE  ASP  100 

Conn* 

Edgar  Brothers  Company, 

ZINC  OXIDE  (COLORED) 

I. 

Y-1784 

Kstuchtn,  N.J. 

ERDL,  Fort  Eelvoir,  Vr. 

II. 

D-31 

Sams, 

TITANIUM  DIOXIDE  (COLORED) 

I. 

HP  S 60-15 

EHDL,  Fort  Belvoir,  Ve. 

II. 

X?  860-13 

Same* 

HEXAGONAL  WHITE  LEAD 

-  - 

Neticnal  Lead  Co., Research  La bo 

CHROME  OXIDE 

X  1134 

ra torie s ,  Brooklyn, N.Y* 

Imperial  Paper  and  Color  Corp* 

VEHICLES  USED 

Pigment  Color  Division 

Glena  Falls,  N.Y. 

Alkyd  resin  55%  solids.  Eszyi  Resin#387 

American  Cyanamid  Co*, 

New  York  20,  N.Y. 

Acrylic  resin  emulsion.  Rhoplex  AC-33  Rohm  end  Hses  Company, 

Philadelphia,  Pa. 
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